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TITLE OF THE INVENTION 

HEAT-RESISTANT REFLECTING LAYER, LAMINATE FORMED OF THE REFLECTING 
LAYER, AND LIQUID CRYSTAL DISPLAY DEVICE HAVING THE REFLECTING LAYER 

OR THE LAMINATE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a highly heat-resistant reflecting layer, which 
is used for producing a reflector or a reflective wiring electrode of a liquid crystal display device, 
a reflecting layer for building glass, a laminate, or a liquid crystal display device. More 
particularly, the present invention relates to an Ag-alloy reflecting layer that has a high reflection 
index, a laminate formed by the reflecting layer, and a liquid crystal display device having the 
reflecting layer or the laminate. 

[0002] Various materials are used for reflecting layers including a reflecting layer for 
producing a reflector or a reflecting wiring electrode of a liquid crystal display device and a 
reflecting layer for building glass that reflects infrared rays and heat rays. In addition, laminates 
of the reflecting layers are developed to increase the reflection index and to improve the 
functionality of the products. The products of the reflecting layers, which have improved 
characteristics, have been used in various fields and for various applications. 

[0003] Typical materials for the reflecting layers are Al, an Al alloy that includes Al as 
its main component, Ag, an Ag alloy that includes Ag as its main component (such as Ag-Pd), 
and an Au alloy. The reflecting layers formed of such materials have a high reflection index in 
the optical wavelength regions from 400 to 4000 nm, which include both visible and infrared 
regions. 

[0004] Al has a high reflection index and is very inexpensive and useful. Al and an 
Al alloy are usually used for the reflector and the reflective wiring electrode of reflection-type 
liquid crystal display devices. Such liquid crystal display devices are used for portable terminal 
devices such as cellular phones. When an Al alloy is used, problems associated with pure Al 
such as irregularities in the layer, which are called hillocks, and deterioration of the face of the 
reflector and the reflective wiring electrode can be overcome. When the reflection index of the 



2 



reflector and the reflective wiring electrode is high, the electric power sent to the light source is 
reduced and the illuminance of the liquid crystal display device increases by about 20%. 

[0005] Ag has the highest reflection index among many metal elements in the optical 
wavelength regions from 400 to 4000 nm. Therefore, Ag has good characteristics for a reflecting 
layer. 

[0006] Among visible rays, infrared rays, and ultraviolet rays that are emitted from 
the sun, Al, Al alloy, Ag, and Ag alloy transmit the visible rays and reflect the infrared rays and 
heat rays. The visible rays have direct relation with lighting. The reflection of the infrared rays 
and the heat rays is effective to prevent the outside rays from coming into a room. Therefore, the 
above materials are used for building glass such as windowpanes. 

[0007] However, conventional reflecting layers formed of Al, Al alloy, Ag, Ag alloy 
including Ag-Pd, Au, Au alloy, and reflectors, reflective wiring electrodes, and building glass that 
are formed of the reflecting layers have the following problems. 

[0008] Al and an Al alloy are chemically unstable. A liquid resist, which is made of 
organic material, is applied to the Al layer or the Al alloy layer, and a pattern is formed on the 
layer. When the patterned layer is washed with an alkali solution to remove the resist, the surface 
of the layer may become rough and lowering of the reflection index or scattering of the light on 
the surface may occur. In addition, Al may react with gas generated from a resin substrate when 
used with a resin substrate such as PMMA (polymethyl methacrylate) and silicone. Al can be 
used only with substrates that generate little gas and thus limits materials available for the 
substrates. There is a problem of chemical stability in Al-containing reflecting layers and resin 
substrates when they contact each other in use. 

[0009] Al and Al alloy have greater optical absorptivity than Ag and Ag alloy. 
Therefore, a semitransmissive reflecting layer formed of Al and Al alloy suffers optical loss. 

[0010] Al, an Al alloy, Ag, and an Ag alloy have poor heat resistance. Diffusion of 
atoms is likely to occur on the surface of a reflecting layer formed of such materials in given 
temperatures. Particularly, Ag has high self-diffusion energy for heat and it changes over time 
when heat is applied. AVhen heat causes the temperature of the reflecting layer to rise to about 
100° C, even if temporarily, diffusion of atoms will occur on the surface of the layer and the layer 
will lose luster and become dull. In other words, Ag's characteristic feature of high reflection 



index is impaired. Therefore, it is necessary to limit the temperature during the manufacturing 
process of a reflector for a liquid crystal display device when it is formed of Al or Ag. Further, 
an Al or Ag reflecting layer for building glass is thermally instable and chemically varies (e.g., 
changes in color) when exposed to the warm air in summer. 

[0011] Al, Al alloy, Ag, and Ag alloy vary greatly over time with heat so that such 
materials cannot be exposed directly to air. Therefore, to ensure material stability of the 
reflecting layer, a heat-resistant protective layer such as ZnO or a ZnO-AhOs composite oxide is 
generally needed. 

[0012] The reflecting layers formed of Al, Al alloy, Ag, and an alloy have very poor 
adhesion toward some substrates. In such combinations, the reflecting layer separates from the 
substrate immediately after it is deposited or after it is left on the substrate for a long time. To 
improve adhesion between the reflecting layer and the substrate, various base films must be 
positioned between them. 

[0013] The reflection index of Ag or Ag alloy is the highest in visible regions, i.e., the 
optical wavelength regions from 400 to 800 nm. However, in the wavelength regions below 
450 nm, the absorptivity and absorption coeflFicient of Ag increase and the intensity of yellow 
reflected light is increased. Accordingly, a liquid crystal display device formed by an Ag- 
containing reflecting layer and a portable terminal device including the liquid crystal display 
device have a poor appearance and become yellow over time. 

[0014] Further, Ag is not superior in weather resistance. When left in the air, Ag 
absorbs moisture (especially water) in the air and turns yellow. Long after an Ag-containing 
reflecting layer is formed on the glass substrate or the resin substrate, Ag's characteristic feature 
of high reflection index isimpaired. 

[0015] An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au alloy including Ag 
and 1-10 wt% Au, and an Ag-Ru alloy including Ag and 1-10 wt% Ru are well known as binary 
Ag alloys that have high corrosion resistance and high heat resistance. However, black stains are 
observed even in the alloy layers formed of these Ag alloys when a weatherproof test is 
conducted under high temperature and high humidity conditions. It is confirmed under an optical 
microscope that the black stains are portions that turned black and were caused to protrude after 
Pd reached a limitation of solid solution with respect to H2 dissolution. When used as building 



glass, the above binary alloy lacks long-term stability in humid regions or when exposed to 
condensation droplets. 

[0016] Ag-Au alloy is well known as a stable alloy in which Ag and Au are perfectly 
mixed in solid states. The resistance of the Ag-Au alloy to halogen elements such as chlorine is 
not excellent. The Ag-Au alloy binds to chlorine or iodine in the air, which is introduced during 
the test, at atomic level, and produces the black stains. 

[0017] Aside from Al and Ag, Au is also known for its high reflection index. 
However, Au is very expensive and impractical to use for the reflector of a liquid crystal display 
device or the reflecting layer for building glass. 

BRIEF SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to provide a reflecting layer that 
maintains a high optical reflection index, which is characteristic of Ag, and has improved 
material stability including heat resistance and weather resistance. 

[0019] It is another object of the present invention to provide a laminate including a 
coating layer that allows the laminate to maintain the high optical reflection index of an Ag- 
containing reflecting layer and to have lower absorptivity at short wavelengths. 

[0020] It is yet another object of the present invention to provide a laminate including 
a base film that enhances adhesion between an Ag-containing reflecting layer and a substrate. 

[0021] It is a further object of the present invention to provide a liquid crystal display 
device having the reflective layer or the laminate described above. 

[0022] A reflecting layer of the present invention comprises Ag as a main component, 
a 0.1-3.0 wt% first metal selected from the group consisting of Au, Pd, and Ru, and a 0.1-3.0 
wtVo second metal selected from the group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second metal is different from the first metal. 

[0023] One laminate comprises a substrate and a reflecting layer deposited on the 
substrate. The reflecting layer includes Ag as a main component, a 0.1-3.0 wt% first metal 
selected fi-om the group consisting of Au, Pd, and Ru, and a 0. 1-3.0 wt% second metal selected 
fi-om the group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and Ru. The second metal is 
different from the first metal. 



[0024] Another laminate comprises a substrate, a base film deposited on the substrate, 
and an Ag-containing reflecting layer deposited on the base film. The base film is made of at 
least one of Si, Ta, Ti, Mo, Cr, Al, ITO, ZnO, SiOa, Ti02,Ta205, Zr02, In203, Sn02, Nb205, and 
MgO. 

[0025] Yet another laminate comprises an Ag-containing reflecting layer and a 
coating layer deposited on the reflecting layer. The coating layer includes In203 as a main 
component and at least one of Sn02, Nb205, Si02, MgO, and Ta205. 

[0026] A liquid crystal display device including the reflective layer or the laminate 
described above and a portable terminal device having the liquid crystal display device are also 
provided. 

[0027] Other aspects and advantages of the invention will become apparent fi-om the 
following description, taken in conjunction with the accompanyingdrawing, illustrating by way 
of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 
[0028] The invention, together with objects and advantages thereof, may best be 

understood by reference to the following description of the presently preferred embodiments 

together with the accompanying drawing in which: 

[0029] Fig. 1 is a perspective view of a portable terminal device including a liquid 

crystal display device. 

DETAILED DESCRIPTION OF THE INVENTION 
[0030] An Ag-alloy reflecting layer of the present invention comprises: 

i) Ag as a main component; 

ii) a 0.1-3.0 wt% first metal selected fi-om the group consisting of Au, Pd, and Ru; and 

iii) a 0.1-3.0 wt% second metal selected firom the group consisting of Cu, Ti, Cr, Ta, Mo, 
Ni, Al, Nb, Au, Pd, and Ru, wherein the second metal is different from the first metal. 

[0031] The addition of Au, Pd, or Ru to Ag improves the weather resistance of Ag 
under high-temperature and high-humidity conditions. Ag, which is the main component, has a 
very high thermal conductivity, tends to absorb heat and is quickly saturated with heat at the 




atomic level. Au, Pd, and Ru decrease the thermal conductivity of Ag and inhibit movement 
among atoms. Au, Pd, and Ru form whole solid solution. The content of Au, Pd, and Ru is 
preferably from 0.7 to 2.3 wt%, most preferably 0.9 wt%. 

[0032] Cu, Ti, Cr, Ta, Mo, Ni, Al, and Mb, in combination with Au, Pd, and Ru, 
improve the heat resistance and weather resistance of the Ag-alloy reflecting layer. The content 
of Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb is preferably from 0.5 to 2.5 wt%, most preferably LO 
wt%. 

[0033] Without Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb, two or more of Au, Pd, and Ru may 
be contained in the reflecting layer to improve the heat resistance and weather resistance of the 
reflecting layer. 

[0034] In the reflecting layer of the present invention, compared with reflecting layers 
of pure Al and pure Ag, movement of surface particles is poor, hi other words, the self-diffusion 
energy of Ag upon heating is reduced in the reflecting layer of the present invention. 
Accordingly, the reflecting layer of the present invention resists self-diffusion, which improves 
heat resistance of the reflecting layer. The reflecting layer is heated during the manufacturing 
process or under a certain weather condition, hi the reflecting layer of the present invention, a 
decrease in the reflection index is prevented. Specifically, when the reflecting layer is heated 
over 100° C, a visual change in the reflecting layer (to a dull white color) due to self-diffusion 
and an increase in light absorption due to deformation of the surface are prevented. 

[0035] The reflecting layer of the present invention has high heat resistance, has a 
high reflection index, and is stable when exposed to alkaline organic materials. Further, the 
reflecting layer is chemically stable to gas emitted from a resin substrate. A high heat resistance 
and reflection index are required for a reflector or a reflective wiring electrode of the reflection- 
type liquid crystal display device and a heat-ray or infrared-ray reflecting layer for building glass. 
The reflecting layer of the present invention may be used for all of them. 

[0036] The reflecting layer of the present invention may be produced either by 
sputtering or by deposition. The reflecting layers of the present invention are stable regardless of 
its manufacturing process and have stable characteristics for various purposes and for many kinds 
of substrates. 



7 



[0037] A coating layer, which is highly heat-resistant, may be laid on the Ag- 
containing reflecting layer. The coating layer includes In203 as a main component and at least 
one of SnOa, Nb205, Si02, MgO and Ta205. The reflecting layer may be of pure Ag or an Ag 
alloy. In either case, a high reflection index of the reflecting layer is maintained and absorptivity 
at short wavelengths is reduced compared with a reflecting layer without a coating layer 

[0038] The reflecting layer of the present invention, together with a resin substrate or 
a glass substrate, may form a laminate. When a resin substrate of specific purity or composition 
is used, a large amount of gas occurs. It is very likely that metal will react with the gas, and an 
unstable film, such as an oxide film, will form at the interface between the reflecting layer and 
the resin substrate. In this case, metal oxide is better than a metal element for preventing 
reductive reaction. To eliminate the above disadvantage, a base film for promoting adhesion may 
be placed between the reflecting layer and the resin substrate or the glass substrate. 

[0039] The base film for a glass substrate may include Si, Ta, Ti, Mo, Cr, Al, ITO (the 
composite oxide of In oxide and Sn oxide), ZnO, Si02, Ti02,Ta205, Zr02, In203, Sn02, Nb205, 
or MgO. 

[0040] A base film that is made of elemental metals such as Si, Ta, Ti, Mo, Cr, and Al 
may be formed by deposition (or evaporation), sputtering, CVD, or ion plating. These processes 
can be used consecutively in producing the base film and the Ag alloy reflecting layer, which 
facilitates the manufacture of the layers. 

[0041] A base film that is made of metal oxides such as ITO, ZnO, Si02, Ti02, Ta205, 
Zr02, In203, Sn02, Nb205, and MgO may also be formed easily by deposition, sputtering, or ion 
plating. For example, when an IR reflecting layer for a windowpane is formed, a layer of the 
uniform reflection characteristics may be formed by any of the above processes. 

[0042] When the base film is placed under the reflecting layer, thermal stability of the 
laminate is ensured. The optical characteristics of the laminate are maintained regardless of the 
types of reflecting layers (whether pure Ag or an Ag alloy). Even when the coating layer is laid 
on the reflecting layer, the thermal stability of the laminate is still ensured and the optical 
characteristics of the laminate are maintained regardless of the types of reflecting layers. 

[0043] The glass substrates for liquid crystal display devices and the glass substrate 
for building glass are large in size. For such substrates, a fine structure and accurate surface 
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profile across the thickness are very important for the formed layers. Therefore, sputtering is 
preferred. When the base film is formed by sputtering, the atmosphere in the sputtering device is 
evacuated to form a stable base film. When the resin substrate is used, gas occurs during the 
evacuation and the vacuum level is not raised. Therefore, for the resin substrate, the deposition 
process is preferred. 

[0044] The base film for the resin substrate especially requires chemical stability. 
Thus, the base film for the resin substrate is preferably a thin film of metal oxide. When used 
with the reflecting layer of the present invention, the base film for the resin substrate preferably 
includes ITO, ZnO, Si02, TiOi, TazOs, ZrOz, InzOs, Sn02, NbzOs, or MgO, more preferably, ITO, 
ZnO, Si02, Ti02, Ta205, or Zr02. 

[0045] To have the improved electrical characteristics of a reflective wiring electrode, 
a base film preferably includes a conductive metal oxide of ITO, Zr02 or a composite oxide 
having a thickness of about 1-10 nm. This base film is highly insulative and volume resistivity of 
the laminate, which includes the Ag alloy reflecting layer and the base film, is substantially 
improved. Thus, the characteristics of the reflecting layer are maintained with the base film. 

[0046] To inhibit the deterioration of optical characteristics such as the reflection 
index and the refi-action index, a base film preferably includes Si02, Ti02, Ta205, Zr02, In203, 
Sn02, Nb205, or MgO. Since Si02 absorbs less light at the optical wavelength regions fi^om 400 
to 4000 nm, it can inhibit the deterioration of the reflection index due to the increase in 
absorptivity. Since Ti02, Ta205, Zr02, In203, Sn02, Nb205, and MgO have high refi-active indices 
and low absorptivities, they are also preferred. 

[0047] When the base film is used, the degree of adhesion and the optical 
characteristics of the laminate are improved and the thermal stability of the laminate is 
maintained. The optical characteristics of the laminate are maintained regardless of the types of 
the reflecting layers (whether pure Ag or an Ag alloy). Thus, the reflecting layers of the present 
invention achieve the best performance. 

[0048] As shown in Fig.l, a portable terminal device 1 includes a liquid crystal 
display device 2. The liquid crystal display device 2 is formed by a reflector on a lower glass 
substrate, a color filter, a polarizing layer, a liquid crystal layer, a polarizing layer, a transparent 
conductive layer, and an upper glass substrate, which are laminated in order. The laminate of the 



present invention, which serves as the reflector, is protected from alkaHne materials generated 
during the manufacturing process of the color filter. The laminate has a higher reflection index 
and a lower optical absorptivity than the reflector of pure Al or an Al alloy, and a liquid crystal 
display device 2 having the laminate suffers less optical loss. The brightness of a liquid crystal 
display device 2 having the laminate of the present invention is greater than that of a liquid 
crystal display device having the reflector of pure Al or Al alloy. A portable terminal device 1 
having such a liquid crystal display device 2 has an improved display. Therefore, the quality of 
the product is improved. 

Examples 

Comparison 

[0049] Ag-alloy reflecting layers were produced from the binary Ag alloys. Binary 
means two elements, i.e., Ag as a main component and Au, Pd or Ru. The content of Au, Pd or 
Ru was 0.1-4.0 wt%. 

[0050] Firstly, an Ag target and a Pd target are installed in a magnetron sputtering 
apparatus. Electrical discharges to the Ag and Pd targets were controlled at the specific RF 
power. Ar (Argon) gas was selectively set within the range from 0.1 to 3.0 Pa. The two metal 
elements were simultaneously sputtered to form binary Ag-alloy layers that contain Pd at several 
different levels. Ag-alloy layers that contain Au or Ru at several different levels were also 
produced. 

[0051] Quartz substrates, which are 100 mm X 100 mm X 1.1 t in size, were used as 
a substrate. The temperature of the substrates during the sputtering process was room 
temperature (about 25° C). Using Ar gas as an exclusive sputtering gas in a high vacuum 
atmosphere where the ultimate vacuum level was 3 X lOE-6 Pa, the Ag-alloy layer was deposited 
on the quartz substrate so that the thickness of the layer was 20 nm. 

[0052] The reason for depositing the Ag-alloy layer in the high vacuum atmosphere is 
to prevent impure gas from staying in the layer and to make the layer compact. Thus, the desired 
characteristics of the Ag-alloy material are ensured. 

[0053] The resultant Ag-alloy layers were kept on a hot plate for about 2 hours. Then 
the layers were observed. The presence or absence of visual change (to a dull white color) in the 




layer surface and the time when the visual change occurred were examined. The hot plate was 
heated to 250° C at a heating rate of 20° C/min. by resistance heating. The reflection index of the 
Ag-alloy layers before and after heating was also examined. The results are shown in Table 1 . 



Tal 


3le 1 


Material 
composition 
( wt%) 


Surface state of the layer after 
heating at 250° C 


The time when 
the visual 
change 
occurred 


Differences of reflection index 
before and after heating 
(wavelength of 800 nm) 


Ag 


dull white color over the surface 


100° C 


-25 % 


Ag99.9Pd0.1 


dull white color over the surface 


100° C 


-22 % 


Ag99.5Pd0.5 


dull white color over the surface 


100° C 


-22 % 


Ag99.0Pdl.O 


dull white color over the surface 


120° C 


-21 % 


Ag98.5Pdl.5 


dull white color over the surface 


120° C 


-21 % 


Ag98.0Pd2.0 


dull white color over the surface 


130° C 


-20 % 


Ag97.5Pd2.5 


dull white color at the middle 
portion 


150° C 


-7.4 % (unchanged region was 
measured) 


Ag97.0Pd3.0 


weak white color around the 
middle portion 


150° C 


-6.5 % (unchanged region was 
measured) 


Ag96.5Pd3.5 


weak white color around the 
middle portion 


150°C 


-6.1 % (unchanged region was 
measured) 


Ag96.0Pd4.0 


weak white color around the 
middle portion 


150°C 


-6.1 % (unchanged region was 
measured) 










Ag99.9Au0.1 


dull white color over the surface 


100 °C 


-22 % 


Ag99.5Au0.5 


dull white color over the surface 


100 °C 


-22 % 


Ag99.0Aul.O 


dull white color over the surface 


120 °C 


-21 % 


Ag98.5Aul.5 


dull white color over the surface 


120 °C 


-21 % 


Ag98.0Au2.0 


dull white color over the surface 


130 °C 


-21 % 


Ag97.5Au2.5 


dull white color at the middle 
portion 


150 °C 


-7.0 % (unchanged region was 
measured) 


Ag97.0Au3.0 


weak white color around the 
middle portion 


150 °C 


-6.5 % (unchanged region was 
measured) 


Ag96.5Au3.5 


weak white color around the 
middle portion 


150 °C 


-6.0 % (unchanged region was 
measured) 


Ag96.0Au4.0 


weak white color around the 
middle portion 


150 °C 


-6.0 % (unchanged region was 
measured) 










Ag99.9Ru0.1 


dull white color over the surface 


100 °C 


-22 % 


Ag99.5Ru0.5 


dull white color over the surface 


100 °C 


-22 % 
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Ag99.0Rul.O 


dull white color over the surface 


120 °C 


-21 % 


Ag98,5Rul.5 


dull white color over the surface 


120 °C 


-20 % 


Ag98.0Ru2.0 


dull white color over the surface 


130 °C 


-20 % 


Ag97.5Ru2.5 


dull white color at the middle 
portion 


150 °C 


-7.4 % (unchanged region was 
measured) 


Ag97.0Ru3.0 


weak white color around the 
middle portion 


150 °C 


-6.5 % (unchanged region was 
measured) 


Ag96.5Ru3.5 


weak white color around the 
middle portion 


150 °C 


-6.1 % (unchanged region was 
measured) 


Ag96.0Ru4.0 


weak white color around the 
middle portion 


150 °C 


-6.1 % (unchanged region was 
measured) 



[0054] As shown in Table 1, the visual change in the layer surface was not inhibited 
in the binary Ag-alloy layers including Au, Pd, or Ru as in the pure Ag layer. It was supposed 
that these binary layers were not heat resistant and unstable when exposed to the outdoor 
temperatures and sun rays. The reflection index of the binary Ag-alloy layers after heating was 
improved by only 2 to 3% compared with that of the pure Ag layer after heating. Therefore, no 
anti-surface diffusion effects due to the addition of Au, Pd, and Ru were confirmed. 

Example 1 

[0055] Ag-alloy reflecting layers of the present invention were produced from the 
temary Ag alloys. Ternary means three elements, i.e., Ag as a main component, a first metal 
selected fi-om the group consisting of Au, Pd, and Ru, and a second metal selected fi-om the group 
consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and Ru. The second metal is different fi-om 
the first metal. The contents of the first metal and the second metal were 0. 1-3.0 wt%. 

[0056] Firstly, targets of the Ag target, the first metal, and the second metal are 
installed in a magnetron sputtering apparatus. The three metal elements were simultaneously 
sputtered to form Ag-alloy layers. 

[0057] As in the Comparison, quartz substrates, which were 100 mm X 100 mm X 
1.1 t in size, were used as a substrate. The temperature of the substrates during the sputtering 
process was kept at room temperature (about 25° C). Using Ar gas as an exclusive sputtering gas 
in a high vacuum atmosphere where the ultimate vacuum level was 3 X lOE-6 Pa, the Ag-alloy 
layer was deposited on the quartz substrate so that the thickness of the layer was 200 run. 




[0058] The resultant Ag-alloy layers were kept on a hot plate for about 2 hours. Then 
the layers were observed. The presence or absence of visual change (to a dull white color) in the 
layer surface and the time when the visual change occurred were examined. The reflection index 
of the Ag-alloy layers before and after heating was also examined. The results are shovra in 
Table 2. 



Table 2 



Maienai coniposiiion 
( wt%) 


ouriace siaic oi uie layer 
after heating at 250°C 


1 ne nme inc 

VloUdl VllCUlKW 

occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag99.8Pd0.1Cu0.1 


no change observed 


— 


-1.1 % 


Ag98.4PdO.lCul. 5 


no change observed 


— 


-1.0% 


Ag96.9Pd0.1Cu3.0 


no change observed 


— 


-1.0% 


Ag98.4Pdl.5Cu0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Cul.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Cu3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Cu0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3.0Cul. 5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Cu3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.1Ti0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Til.5 


no change observed 


— 


-1.0% 


Ag96.9Pd0.1Ti3.0 


no change observed 


— 


-1.0% 


Ag98.4Pdl.5Ti0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Til.5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Ti3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ti0.1 


no change observed 




-1.0% 


Ag95.5Pd3.0Ti 1.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Ti3.0 


no change observed 




-0.4 % 


Ag99.8Pd0.1Cr0.1 


no change observed 




-1.1 % 


Ag98.4PdO.lCrl. 5 


no change observed 




-1.0% 


Ag96.9Pd0.1Cr3.0 


no change observed 




-1.0% 


Ag98.4Pdl.5Cr0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Crl. 5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Cr3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Cr0.1 


no change observed 




-1.0% 


Ag95.5Pd3.0Crl. 5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Cr3.0 


no change observed 




-0.4 % 


Ag99.8Pd0.1Ta0.1 


no change observed 




-1.1 % 
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Table 2 Continued 



Material composition 


Surface state of the layer 


The time the 


Differences of reflection 


{ wt%) 


after heating at 250°C 


visual change 


index before and after 






occurred 


heating 








^Wavcidlglll Ui OUU \\x\\) 




no change observed 




1 n 0/ 
-l.U To 


Agyo.yrau. 1 laj.u 


no change observed 




1 n 0/ 
-1 .U % 


Ag98,6Pdl.5Ta0.1 


no change observed 


— 


-0.9 % 


Ag97,0Pdl.5Tal.5 


no change observed 


— 


-0.7 % 


Ag95,5Pdl.5Ta3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Ta0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3,0Tal.5 


no change observed 





-0.5 % 


Ae94 0Pd3 0Ta3 0 


no chance observed 




-0.4 % 


AcrOfi dPHA INTiO 1 


no cnon^c uoacrvcu 




1 1 % 

-i . 1 /o 




iiu LUaii^c uuiicrvcu 




1 0 0/. 
-l.U /o 


AoQA OPHO n 


no cnonge uuserveu 




-l.U /o 


AoQS J.PH1 ^>Jin 1 


no L-ndngc oDberveu 




~\j.y /o 


AoQ7 OPHl ^Mil ^ 


no cnoiigc ouacrvcu 




-U. / /o 


AoQS SPHl SisJn 0 


IlU L<IlaIl^C UOoCrVCU 




-U. / /o 


AoQfi OPH'^ ONiO 1 


WKj Clioll^C UUoClVCU 




-l.U /o 


AcrQS SPd'^ ONil S 


nr\ f*n5inof* r\r^cpr\/^H 




-0 S % 

"U . J /o 


Ap94 OPHl ONH 0 


no fhnncrf* oViCprvpH 




-0 4 % 

"U.*T /O 


AaQQ KPHO 1 AIO 1 






-1 1 % 

-1.1 /o 


AqQR 4PH0 1 All S 


Tin Pncmof* rir*Cf*i*\7f*H 




-l.U /o 


AcrOfi OPHO 1 AH 0 






-l.U /o 


AqQR 4PH1 SAIO 1 






0 0 o/» 
-U.^' /o 


Ap07 OPHl SAll S 






-u. / /o 


ActQS SPHI SAl'^ 0 


IIU dlallgv UOoCIVCti 




-U. / /o 


ApOfi QPHl OAIO 1 


iiu ciicui^c uuiscr vcu 




1 0 % 

-l.U /O 


ApQS SPH'^ OAll S 


IIU L-lloIl^C UOoCrVCU 




0^0/ 

-U.J /o 


A£tQ4 OPHl OAll 0 


IIU Cliali^C UUoClVCU 




0 4 0/ 
-u,*f /o 


AaQQ 5{PHn INhO 1 


IIU Cllall^C UUoCIVCU 




1 1 0/ 

-1.1 /o 


Ag98.4Pd0.1Nbl.5 


no change observed 




-1.0% 


Ag96.9Pd0.1Nb3.0 


no change observed 





-1.0% 


Ag98.4Pdl.5Nb0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Nb 1.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Nb3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0NbL5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Nb3.0 


no change observed 




-0.4 % 


Ag99.8Pd0.1Mo0.1 


no change observed 




-1.1 % 


Ag98.4Pd0.1Mol.5 


no change observed 




-1.0% 


Ag96.9Pd0.1Mo3.0 


no change observed 




-1.0% 


Ag98.4Pdl.5Mo0.1 


no change observed 




-0.9 % 
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Table 2 Continued 



Material composition 
( wt%) 


Surface state of the layer 
after heating at 250<'C 


The time the 
visual change 
occurred 


Diflferences of reflection 
index before and after 
heating 


Afy^7 OPHl SMol S 


IHJ L'llcUlgC UUoCIVCU 




-0 7 % 


Agy 5 , 5 r d 1 . 5 Mo3 . 0 


no change observed 




A T n/ 

-U.7 % 


Agyo.yrdi.UMoU. 1 


no change observed 




1 A 0/ 

-l.U % 


A AC CTkJ'} A"\>r^1 C 

Ag95. jrdJ.UMol .5 


no change observed 




A C 0/ 

-U.5 % 


A A/i ATlJI fW/l^'J A 

Ag94.0rd3.0Mo3.0 


no change observed 




A A O/ 

-U.4 % 


A f\ A OTtJA 1 A ..A 1 

Ag99.8ra0.1Au0.1 


no change observed 




1 1 o/ 

-1.1 % 


Agyo.4rdU.lAu 1.5 


no change observed 




1 A O/ 

-l.U % 


A .-^/Z ATIJA 1 A ..'5 A 

Ag9o,9rd0. 1 Aui.O 


no change observed 




1 A O/ 

-l.U % 


A .-.AO A'n^^ C A ..A 1 

Ag9o,4Fdl.5Au0.1 


no change observed 




A A O/ 

-0.9 % 


A AT AT>J 1 C A 1 C 

Ag97.0Pdl.5Aul.5 


no change observed 




-0.7 % 


A -wA C CTtJ1 CA..T A 

Ag95.5PdL5Au3.Q 


no change observed 




-0.7 % 


A A^ AnJT A A A 1 

Ag96.9Pd3.0Au0. 1 


no change observed 




-1.0 % 


A A C CTiJT AA..1 C 

Ag95.5Pd3,0Aul.5 


no change observed 




A ^ n/ 

-0.5 % 


A ^^A /I AFIJO A A OA 

Ag94.0Pd3.0Au3.0 


no change observed 




-0.4 % 


Ag99.8Au0.1Ru0.1 


no change observed 




-1.0 % 


A A O A A A1F* ir 

Ag9 8 .4 AuO . 1 Ru 1 , 5 


no change observed 




-0.8 % 


A CS/H A A .,A 1 T*..'! A 

Ag9o.yAuU. 1 Ku3.U 


no change observed 




A ^ n/ 

-0.5 % 


A ™AO A A..1 CT>.,A 1 

Ag9 5 .4 Au 1 . 5 RuU. 1 


no change observed 




1 A n/ 

-1.0 % 


Ag97.UAul.5Rul. 5 


no change observed 




A 1 n/ 

-0.3 % 


Ag95.5Aul.5Ru3.0 


no change observed 




A O/ 

-0.6 % 


Ag9o.9Au3 .URuO. 1 


no change observed 




A o n/ 

-0.8 % 


A f-*AC CAii'} Ar>,,1 C 

Ag95 .5 Au3 .URu 1 . 5 


no change observed 




A c n/ 

-0.5 % 


A rt-O /I A A 11 1 AT) 1 . 1 A 

Ag94.UAu3.URu3.U 


no change observed 




A o n/ 

-0.8 % 


Ag99.ora0.1KuU.l 


no change observed 




1 A O/ 

-LU % 


Ag9o.4rdU. 1 Ru 1 .5 


no change observed 




A A ft/ 

-0.9 % 


AoO^ QPHH IPii'^ n 


no cnangc ODserveo 




1 0/ 
-1 .U 70 


Ag98.4Pdl.5Ru0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Ru 1.5 


no change observed 




-0.8 % 


Ag95.5Pdl.5Ru3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ru0.1 


no change observed 




-1.0% 


Ag95.5Pd3.0Rul. 5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3.0 


no change observed 




-0.4 % 
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AgAuXb Table 2 Continued 



Material composition 
( wt%) 

TTahIp 


Surface state of the layer 
after heating at 250 ° C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength or 800 nm) 


Ag99.8Au0.1Cu0.1 


no change observed 




A A O/ 

-0.9 % 


Ag98.4AuO.lCu 1.5 


no change observed 




A O O/ 

-0.8 % 


Ag9o.9 AuO. 1 Cu3 .0 


no change observed 




A O 0/ 

-0.8 % 


A J--A O /I A . . 1 C .A 1 

Ag9o.4Aul .5CuO. 1 


no change observed 




A T 0/ 

-0.7 % 


A ---AT A A,, 1 C 

Ag97.0Aul.5Cul. 5 


no change observed 




A /C 0/ 

-O.o % 


A .r-AC C A ..1 C/^. ■'^ A 

Ag95.5Aul .5Cu3.0 


no change observed 




A C O/ 

-0.5 % 


A ™AiC A A ..I A/^..A 1 

Ag9o.9Au3.0CuU. 1 


no change observed 




A O 0/ 

-0.8 % 


A »AC C A A/^..1 C 

Ag95.5Au3.0Cul. 5 


no change observed 




A C 0/ 

-0.5 % 


A A /I A A ,,'5 A/^..*} A 

Ag94.0Au3.0Cu3.0 


no change observed 




A ^ O/ 

-0.6 % 


Ag99.8Au0.1 liO.l 


no change observed 




A A O/ 

-0,9 % 


A ,-»AO /I A ..A 1 T"^ 1 C 

Ag95.4Au0.1 111. 5 


no change observed 




-0.6 % 


A ™A/C A A ..A 1 T'l'i A 

Ag9o.9Au0.1 li3.0 


no change observed 




A 1 (1/ 

-0.3 % 


A A O /I A . . 1 C T"! A 1 

Ag95.4Aul.5 uO.l 


no change observed 




A c n/ 

-0.5 % 


Ag97.0Aul.5Til. 5 


no change observed 




A o n/ 

-0.8 % 


Ag95.5Aul.5Ti3.0 


no change observed 




-0.6 % 


A A A Ann: A i 

Ag96.9Au3.0Ti0.1 


no change observed 




A A (\/ 

-0.9 % 


A ^.wA C C A . . AT"; 1 C 

Ag95.5Au3.0Til. 5 


no change observed 




1 in/ 
-1.1 % 


A ^_Ay1 A A ..O AnPJ'i A 

Ag94.0Au3 .0Ti3 .0 


no change observed 




1 A (\/ 

-1.0 % 


A »AA O A -.A A 1 

Ag99.8Au0.1Cr0.1 


no change observed 




A o n/ 

-0.8 % 


A <-^0 /I A ,,A C 

Ag9 0 .4 AuO . 1 Cr 1 . 5 


no change observed 




1 A ft/ 

-1.0 % 


A A/C A A .^A 1 T A 

Ag9o.9AuO. 1 Cr3 .0 


no change observed 




A /I ft/ 

-0.6 % 


Ag9o.4Aul.5CrO. 1 


no change observed 




A A O/ 

-0.9 % 


Ag9 /.0Aul.5Crl.5 


no change observed 




A A O/ 

-0,4 % 


Ag95.5Aul.5Cr3.0 


no change observed 




1 1 0/ 

-1.1 % 


Ag9o.9Au3.0Cr0. 1 


no change observed 




A O 0/ 

-0.8 % 


Ag95.5Au3.0Crl .5 


no change observed 




A A ft/ 

-0.9 % 


A *-rA/1 AA.^I A/^^T A 

Ag94.0Au3.0Cr3.0 


no change observed 




A T ft/ 

-0.7 % 


A »AA O A ..A "1 T-^A 1 

Ag99.8Au0.1Ta0.1 


no change observed 




A C ft/ 

-0.5 % 


A -wA O yt A . . A 1 HT— 1 C 

Ag98.4AuO.lTal. 5 


no change observed 




-0.6 % 


A n A iiA 1 T'rt 1 A 

Ag9o.9Au0.1 la3.0 


no change observed 




1 1 ft/ 

-1.1 % 


Ag98.6Aul.5Ta0.1 


no change observed 




-0.4 % 


Ag97.0Aul.5Tal.5 


no change observed 




-0.9 % 


Ag95.5Aul.5Ta3.0 


no change observed 




-0.8 % 


Ag96.9Au3,0Ta0.1 


no change observed 




-0.5 % 


Ag95.5Au3.0Tal. 5 


no change observed 




-1.0% 


Ag94.0Au3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material composition 
( wt%) 


Surface state of the layer 
after heating at 250*^0 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength oi oOO nm) 


Ag99.o AuO. 1 MoO. 1 


no change observed 




A "7 0/ 

-U. / /o 


Agy 0.4AUU. 1 Mo 1 


no change observed 




110/ 
-1.1 70 


Agyo.yAuU. 1 MOi.U 


no change observed 




A 0 0/ 

-U.o To 


A rvOO /I Alii Z\Af^f\ 1 

Agyo.4AU 1 .DJVlOU. 1 


no change observed 




-U.4 yo 


Agy / .UAU 1 OMO 1 0 


no change observed 




A 0 0/ 

-U.O yo 


A c A 11 1 cAyf^'j n 
Agyj.DAUl OMOj.U 


no change observed 




A 1 0/ 

-U.3 yo 


A nTl/C OA 111 f\\Af^r\ 1 

Agyo.yAuj .UMou. i 


no change observed 




A Q 0/ 

-U.9 yo 


Aj-,nc CAii'l AAyf«.l C 

Agy 5 .5 Au3 .UMo 1 .3 


no change observed 




110/ 

-1.1 % 


Agy4.0Au J .OMoi .U 


no change observed 




1 A 0/ 
-l.U % 


A nAA OA.iA 1 VrSA 1 

Ag99.oAuU.llN lU.l 


no change observed 




A ^ 0/ 

-U.-) yo 


A rvOQ /I A 11 A 1 XTi 1 ^ 

Agyo.4AuU. 1MH,j 


no change observed 




110/ 

-1.1 yo 


A r*0< 0 A 11 A 1 XT*1 A 


no change observed 




A O 0/ 

-U.O % 


A rvOQ /I A 111 CXTiA 1 

Agyo.4AUl.DlNlU, i 


no change observed 




-U.4 % 


A /^QT A A 111 ^XTi 1 ^ 

Agy /.UAUl.JlNll.j 


no change observed 




1 A 0/ 

-l.U % 




no change observed 




A T 0/ 

-U.7 % 


Ag9o.9Au3.ONiO. 1 


no change observed 




A A 0/ 

-0.9 % 


A .-U^C C A .,1 AXT- 1 C 

Ag95.5Au3.0Nil .5 


no change observed 




A /C 0/ 

-0.6 % 


A ---Ayl A A AXTJ1 A 

Ag94.0Au3.0Ni3.0 


no change observed 




A O O/ 

-0.8 % 


A »AA O A ..A 1 A 1A 1 

Ag99,oAuU.lAI0,l 


no change observed 




1 AA 0/ 

-1.U9 % 


A nCkQ /IA11AIAII C 

Ag9o.4AuO. 1 All .5 


no change observed 




110/ 
-1.1 % 


A <-rO/^ OA11A 1 All A 

Ag9o.9AuO. 1 A13.0 


no change observed 




A T 0/ 

-U.7 % 


\ rwQQ /I A 11 1 CAIA 1 

Ag9o.4Au 1 .5 AlO. 1 


no change observed 




A A 0/ 

-U.9 % 


Ai-rmAAiil ^All C 

Ag9 /.0AU1.5A11.5 


no change observed 




A C 0/ 

-U.5 % 


A i-rA< CAiil CAll A 

Agy5.5AUl .5A13.0 


no change observed 




f\ A 0/ 

-0.4 % 


A ^tA/C OA 111 AAIA 1 

Ag9o.9Au3.UA10. 1 


no change observed 




A O 0/ 

-0.8 % 


A .tAC C A 111 AA11 C 

Ag95 . 5 Au3 . 0 Al 1 . J 


no change observed 




1 A 0/ 

-l.U % 


A rrA/t AA^iT AAII A 

Ag94.0Au3 .0A13 .U 


no change observed 




1 1 O/ 

-1.1 % 


Ag99.oAuU.lIN bU.l 


no change observed 




110/ 

-1.1 % 


Ag98.4Au0.lNbl. 5 


no change observed 




-1.0 % 


A ^.^J\^ A A A IXTLT A 

Ag9o.9Au0.1Nb3.0 


no change observed 




-0.9 % 


Ag98.4Aul.5Nb0.1 


no change observed 




-0.8 % 


Ag97,0Aul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Aul.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Nb0.1 


no change observed 




-1.0% 


Ag95.5Au3.0Nbl. 5 


no change observed 




-0.4 % 


Ag94.0Au3.0Nb3.0 


no change observed 




-0.4 % 
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AgRuX Table 2 Continued 



Material composition 
(wt%) 


Surface state of the layer 
after heating at 250 ° C 


The time the 
visual change 
occurred 


DiflFerences of reflection 
index before and after 

heating 
(wavelength of 800 lun) 


A#vOO QDaifl 1 

Agvy.oKUU.lCUU.l 




no change observed 




-u.y To 


Agy 0 .4KUU. 1 l^U 1 . J 


no change observed 




-U.o % 


AgVO.yKUU. ICllj.U 


no change observed 




A "7 0/ 

-U. / To 


Agyo.4KUl.jL/UU. 1 


no change observed 




A T 0/ 

-U. / To 


Agy / .UKUl.jl^Ul.J 


no change observed 




A A 0/ 
-U.O To 


AfrO^ C/^iiT A 


no change observed 




A ^ 0/ 
-U.J /o 


ArrOA nPiiH 1 

AgyO.VKUj.UUUU. 1 


no change observed 




A 7 0/ 
-U. / To 


ArrO^ ^Piil nPiil ^ 


no change observed 




A ^ 0/ 

-U.J To 


Agy4.UKU J .UUU3 .U 


no change observed 




-U.O % 


Agyy.oKuU.l 1 lU,l 


no change observed 




A Q 0/ 

-U.y % 


Agy 0.4KUU. 1 1 1 1 .J 


no change observed 




A 0/ 

-U.O % 


Agyo.yKuu.i iij.u 


no change observed 




-U.4 % 


A nOQ /1I>ii1 ^Xin 1 

Agyo.4KUl.j llU.l 


no change observed 




A C 0/ 

-U.J yo 


Agy / .UKUl.J 111. J 


no change observed 




A 0 0/ 

-U.O yo 


ArrQ^ CD„1 <Ti7 Ci 

Agyj. DKU 1 . J 1 Ij.U 


no change observed 




A ^ 0/ 

-U.J yo 


ArrQA QTJii'l HTin 1 

Agyo.yKUj.u 1 lu. i 


no change observed 




A Q 0/ 

-U.y yo 


AgyD. jKUj.U 1 11 . j 


no change observed 




110/ 

-1.1 yo 


ArrQ^ nT?ii'^ HTil n 


no change observed 




1 A 0/ 

-l.U yo 


Agyy.uKuu.n^ru.i 


no change observed 




A Q 0/ 
-U.O % 


Agyo.4Kuu. ii^ri.j 


no change observed 




1 A 0/ 

-l.U % 


ArrQ/^ QPiiH ^Cr'X f\ 


no change observed 




A 0/ 

-U,0 yo 


AfrQS APiil ^CrCi 1 

Agyo.4Kui.j\^ru. 1 


no change observed 




A O 0/ 

-U.O % 


Agy / .uivu 1 . jL.ri . J 


no change observed 




A y1 0/ 

-U.4 % 


ArrQ^ Cp,,1 ^r^rl fi 


no change observed 




1 A 0/ 

-l.U % 


ArrQA QPii7 npt-n 1 


no change observed 




A 0 0/ 

-U.O % 


ArrQ^ ^Pii'? nr'i-i ^ 


no change observed 




A O 0/ 

-U.y % 


Agy4 . UKU J . u L^r J . u 


no change observed 




A O O/ 

-0.5 % 


AnOO Q'DiiA IT^n 1 


no change observed 




A A 0/ 

-U.y % 


AgyQ.4KUU. 1 lai.J 


no change observed 




A O 0/ 

-0.6 % 


Ag96 9RuO lTa3 0 


no chan&e observed 




-0 7 % 


Ag98.6Rul.5Ta0.1 


no change observed 




-0.7 % 


Ag97.0Rul.5Tal. 5 


no change observed 




-0.6 % 


Ag95.5Rul.5Ta3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0Ta0.1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Tal. 5 


no change observed 




-0.6 % 


Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6 % 
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Material composition 
( wt%) 


Surface state of the layer 
after heating at 250 ° C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag99.8Ru0.1Mo0a 


no change observed 




A 0 0/ 

-0.8 % 


Agy5.4KuU. 1 Mo 1 .5 


no change observed 




1 A 0/ 

-1.0 % 


Agyo.yKuU. IMoi.l) 


no change observed 




A 0/ 

-O.o % 


Agy 0 .4KU 1 , ->MoU. 1 


no change observed 




A T 0/ 

-0. / To 


Agy / . UKU 1 . !> Mo 1 . J 


no change observed 




-0.4 Vo 


Agy^.DKUl .DMOi.U 


no change observed 




110/ 
-1.1 /o 


Agyo.yKui.UMoU. 1 


no change observed 




A 0 0/ 

-0.8 % 


Ag95 .5Ku3 .OMo 1 . 5 


no change observed 




-0.7 % 


Ag94.0Ku3.0Mo3.U 


no change observed 




-0.6 % 


Ag99.8Ru0.1Ni0.1 


no change observed 




1 A 0/ 

-1.0 % 


A <T^O /10,,A 1 XT,* 1 C 

Ag9o.4KuO.lNil .5 


no change observed 




110/ 
-1.1 % 


Ag9o.9Ku0.1Ni3.U 


no change observed 




A 0 0/ 

-0.8 % 


Ag9o.4Kul .5NiO. 1 


no change observed 




A 0 0/ 

-0.8 % 


Ag97,UKul.5Nll.5 


no change observed 




A c n/ 

-0.5 % 


Ag95.5Kul .3N13.U 


no change observed 




A c n/ 

-0.5 % 


Ag9o.9Ru3 .UNiO. 1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Nil. 5 


no change observed 




-1.0 % 


Ag94.0Ru3.0Ni3.0 


no change observed 




-1.1 % 


A »Ark OT>--A 1 A 1A 1 

Ag99.oKu0.1A10.1 


no change observed 




1 A 0/ 

-1.0 % 


A .n^AO /tCA 1 All C 

Ag9o.4KuO. 1 Al 1 .5 


no change observed 




1 1 0/ 

-1.1 % 


A i-rO/C QO11A 1 A 1'3 A 

AgyO.yKuO. 1 A13 .0 


no change observed 




A T 0/ 

-0.7 % 


A fvOO /IO11I C A lA 1 

Agyo.4KU 1 .3 AlO. 1 


no change observed 




A A 0/ 

-0.9 % 


Agy /.OKUl .5A11 .D 


no change observed 




A C 0/ 

-0.5 % 


Ar*QC ^All A 

AgVO. OKul .5A13,0 


no change observed 




A C 0/ 

-0.5 % 


A i-rO/C AAIA 1 

Ag9o.9Ku3.0A10. 1 


no change observed 




A 0 0/ 

-0.8 % 


A<->OC ^Diil AA11 C 

Ag9 -) . J Ku3 . 0 Al 1 . J 


no change observed 




1 A 0/ 

-1.0 % 


A AT),i1 A A 11 A 

Ag94 .0Ku3 . 0 A13 .0 


no change observed 




1 1 0/ 

-1.1 % 


Ag99.oKu0.1l\b0.1 


no change observed 




1 1 ft/ 

-1.1 % 


Ag9o.4KuO. INbl.j 


no change observed 




1 A ft/ 

-1.0 % 


A nA/C ADdA IXrUI A 

Ag9o.9KuO. 1ND3.0 


no change observed 




A 0 ft/ 

-0.8 % 


AoQRAT?iil ^KTKn 1 
rVgyo.^lvUl . JlNDU. 1 


no cnange ODservea 




A 0 0/ 

-0.0 To 


Ag97.0Rul.5Nbl. 5 


no change observed 




-0.7 % 


Ag95.5Rul.5Nb3.0 


no change observed 




-0.7 % 


Ag96.9Ru3.0Nb0.1 


no change observed 




-1.0% 


Ag95.5Ru3.0Nbl. 5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 
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[0059] While the surface change and the accompanying decrease in the reflection 
index were observed with the Ag-alloy layers in the Comparison, they were not observed with the 
Ag-alloy layers of any examined composition in Example 1, as shown in Table 2. 

[0060] Moreover, the quartz substrates, on which various Ag-alloy layers were 
deposited and which were heated to 250°C as described, were further kept on a hot plate at 
400°C for two hours. The surface change and the decrease in the reflection index were not 
observed in the Ag-alloy layers of any examined composition (data not shown). 

[0061] The Ag-alloy reflecting layers that included Ag and 0. 1 -3.0 wt% Cu, Ti, Cr, 
Ta, Mo, Ni, Al, or Nb but did not include Au, Pd, or Ru were produced. As described, the Ag- 
alloy layer was deposited on the quartz substrate so that the thickness of the layer was 1 5 nm by 
simuhaneous sputtering. The visual change of the layers was observed over time both at 250°C 
and 400°C. All the layers became white and the reflection index was decreased (data not shown). 

[0062] Taken together, it was revealed that the Ag-alloy layers including Ag as a main 
component, the first metal, and the second metal had improved heat resistance and maintained a 
high reflection index. 

Example 2 

[0063] In this Example, the utility of the ternary Ag-alloy layers as reflectors and 
reflective wiring electrodes for reflection-type liquid crystal display devices was studied. 

[0064] The anti-corrosive study on chemical stability was conducted with respect to 
the conventional metal layers (pure Al, an Al alloy, Ag, binary Ag-alloys) and the ternary Ag- 
alloy layers of the present invention. A liquid resist was applied to the reflecting layers and the 
pattern was formed on them. Then the reflecting layers were washed with an alkali solution (5 % 
KOH aqueous solution) to remove the resist. The surface of the layers was observed. The results 
are shown in Table 3. 
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Table 3 



Material composition ( wt%) 


Alkali solution 


A 1 
Al 


completely reacted 


AJyo.UMg4.U 


completely reacted 


Al coated with acrylic resin 


partially reacted 


Agyo.Ordz.O 


many black stains 


Agy7.0ra3.0 


moderate black stains 


Ag99.5r dO.l C uO.l 


no change 




no change 


Agyo. irau.yuui.u 


no change 


Agyo.yrdi .ucuu. i 


no change 


Agy / .yraz.uv^uu. 1 


no change 


Agyo.yraj.ucuu. 1 


no change 


A <D/-I1 A/^iiA ^ 

Agyo.3ra3.UUUl).j 


no change 


A rrQA r\T>A1 A/^ii'J A 

Agy4.UrCl J .UUU J .U 


no change 


Agyy.oraU.l liU.l 


no change 


Agyy.4rau.D iiu, i 


no change 


Agyo. IrQU.y ill.U 


no change 


A rrOQ QDy^l AXiA 1 

Agyo.yrai .u iiu. i 


no change 


Agy /.yrQZ.K) 1 lU. 1 


no change 


A nrQfi QHAI AT»A 1 

Agyo.yrdi.u i lU. i 


no change 


A ^A/C CD^I AX»A C 

Agyo.jrdj.U llU.j 


no change 


Agy4.UrdJ .U 1 1 J .U 


no change 


A nflO OTk^A 1 /^wA 1 

Agyy.oraU.lCrO.l 


no change 


Agyo.4rdU. 1 Crl .5 


no change 


Agyo.yruU. ICri.U 


no change 


Agyo.4rdl.3CrU. 1 


no change 


Agy /.Urdl .3Url .3 


no change 


ArrQ^ ^/^^l A 

Agy3.3rdl .3L^r3.U 


no change 


Agyo.yrdi.ucru. i 


no change 


Af>0^ ^Dy^l Ar^rl c 

Agy3.3rd3.UCrl ,3 


no change 


Agy4.Urdj .ucr J .u 


no change 


Aq99 8PdO ITaO 1 


TiA phanop 


Ag98.4PdO.lTal. 5 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


Ag98.4Pdl.5Ta0.1 


no change 


Ag97.0Pdl.5Tal. 5 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


Ag95.5Pd3.0Tal. 5 


no change 
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Ag94.0Pa3.0Ta3.0 


no change 


Ag99.8PdO. 1 MoO. 1 


no change 


Ag98,4Pa0.1Mol.5 


no change 


Ag9o . 9 PdO . 1 Mo3 . 0 


no change 


Ag98 .4Pa 1 . 5MoO. 1 


no change 


A AT»J1 iff— 1 C 

Ag97.0Pdl.5Mol. 5 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


Ag95.5Pd3.0Mol. 5 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


A AO /ITiJA 1 XT- 1 C 

Ag98.4PdO.lNil. 5 


no change 


A ~A^ ATiJA A 

Ag9o.9Pd0.1Ni3.0 


no change 


A ~AO ylTtJI CXT-A 1 

Ag98.4Pdl.5Ni0.1 


no change 


A —AT AT*J1 CKT A C 

Ag97.0Pdl.5Nil. 5 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


Ag95.5Pd3.0Nil. 5 


no change 


A A AT*J'1 AX T ■ 1 A 

Ag94.0Pd3.0Ni3.0 


no change 


Ag99.8Pd0.1A10,l 


no change 


A ~AO /1T»JA 1 All C 

Ag98.4Pd0.1A11.5 


no change 


A ~A^ ATiJA 1 A IT A 

Ag9o.9Pd0.1A13.0 


no change 


A ~AO y1T*J1 CA1A 1 

Ag96.4Pdl.5A10. 1 


no change 


A ^AT ATI J 1 C A 1 1 C 

Ag97.0Pdl.5All. 5 


no change 


Ag95.5Pdl.5A13.0 


no change 


A _A^ ATlJI A A lA 1 

Ag96.9Pd3.0A10.1 


no change 


A AC CTiJ 1 A A 1 1 C 

Ag95.5Pd3.0All.5 


no change 


A -^Y^ A AT* J n A A 1 "1 A 

Ag94,0Pd3.0A13.0 


no change 


A A A OTfeJA -* TVT 1_ rv 1 

Ag99.8FdO. 1 NbO. 1 


no change 


A -^A O A Tt J A IX T'L 1 C 

Ag98.4PdO.lNbl. 5 


no change 


Ag96.9Pd0.1Nb3.0 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


A —AT ATI J 1 CXTL 1 C 

Ag97.0Pdl.5Nbl. 5 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


A ^ c\ /' r\ x\ J AX n A 1 

Ag96.9Pd3.0Nb0.1 


no change 


AoQS SPH'^ ONKl S 


no cnange 


Ag94.0Pd3.0Nb3.0 


no change 


Ag99.8Pd0.1Au0.1 


no change 


Ag98.4PdO.lAul. 5 


no change 


Ag96.9Pd0.1Au3.0 


no change 


Ag98.4Pdl.5Au0.1 


no change 
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Ag97.0Pdl.5Aul. 5 


no change 


Ag95.5Pdl.5Au3.0 


no change 


Ag96.9Pd3.0Au0.1 


no change 


Ag95.5Pd3.0Aul. 5 


no change 


Ag94.0Pd3 . 0 Au3 . 0 


no change 


Ag99.8Ru0.1Au0.1 


no change 


Ag98 .4Ru0 . 1 Au 1 . 5 


no change 


Ag96.9Ru0.1Au3.0 


no change 


A ~AO /in 1 C A A 1 

Ag98.4Rul .5Au0. 1 


no change 


A ^y^*! An 1 ^ A 1 C 

Ag97.0Rul.5Aul. 5 


no change 


Ag95.5Rul.5Au3.0 


no change 


Ag96.9Ru3.0Au0.1 


no change 


Ag95.5Ru3.0Au 1.5 


no change 


Ag94.0Ru3.0Au3,0 


no change 


Ag99.8Pd0.1Ru0.1 


no change 


Ag98.4PdO.lRul. 5 


no change 


Ag96.9Pd0.1Ru3.0 


no change 


Ag98.4Pdl.5Ru0.1 


no change 


Ag97.0Pdl.5Rul. 5 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


Ag95.5Pd3.0Rul. 5 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


AgAuX Table 3 Continued 


Material composition ( wt%) 


Alkali solution 


Ag98.0Au2.0 


many black stains 


Ag97.0Au3.0 


moderate black stains 


Ag99.8Au0.1Cu0.1 


no change 


Ag99.4Au0.5Cu0.1 


no change 


Ag98.1Au0.9Cul.0 


no change 


Ag98.9Aul.0Cu0.1 


no change 


Ag97.9Au2.0Cu0.1 


no change 


Ag96.9Au3.0Cu0.1 


no change 


Ag96.5Au3.0Cu0.5 


no change 


Ag94.0Au3.0Cu3.0 


no change 


Ag99.8Au0.1Ti0.1 


no change 


Ag99.4Au0.5Ti0.1 


no change 


Ag98.1Au0.9Til.0 


no change 


Ag98.9Aul.0Ti0.1 


no change 


Ag97.9Au2.0Ti0.1 


no change 
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Ag96.9Au3.0Ti0.1 


no change 


Ag96.5Au3.0Ti0.5 


no change 


Ag94.0Au3.0Ti3.0 


no change 


Ag99.8Au0.1Cr0.1 


no change 


Ag98.4Au0.1CrL5 


no change 


Ag96.9Au0.1Cr3.0 


no change 


Ag98.4Aul.5Cr0.1 


no change 


Ag97.0Aul.5Crl. 5 


no change 


Ag95,5Aul.5Cr3.0 


no change 


Ag96,9Au3.0Cr0.1 


no change 


Ag95,5Au3.0Crl.5 


no change 


Ag94.0Au3.0Cr3.0 


no change 


Ag99.8Au0.1Ta0.1 


no change 


Ag98.4AuO.lTal. 5 


no change 


Ag96.9Au0.1Ta3.0 


no change 


Ag98.4Aul.5Ta0.1 


no change 


Ag97.0Aul.5Tal. 5 


no change 


Ag95.5Aul.5Ta3.0 


no change 


Ag96.9Au3.0Ta0.1 


no change 


Ag95.5Au3.0Tal. 5 


no change 


Ag94.0Au3.0Ta3.0 


no change 


Ag99.8Au0.1Mo0.1 


no change 


Ag98.4AuO.lMol. 5 


no change 


Ag96.9Au0.1Mo3.0 


no change 


Ag98.4Aul.5Mo0.1 


no change 


Ag97,0Aul.5Mol.5 


no change 


Ag95.5Aul.5Mo3.0 


no change 


Ag96.9Au3.0Mo0.1 


no change 


A f\ C C k /%"A K ^ C 

Ag95.5Au3.0MoL5 


no change 


Ag94 . 0 Au3 . 0Mo3 . 0 


no change 


Ag99.8Au0.1Ni0.1 


no change 


Ag98.4Au0.1Nil.5 


no change 


Ag96.9Au0.1Ni3.0 


no change 


Ag98.4Aul.5Ni0.1 


no change 


Ag97.0Aul.5Nil. 5 


no change 


ArrO^ ^Aiil ^XTil n 


no change 


Ag96.9Au3.0Ni0.1 


no change 


Ag95.5Au3.0Nil.5 


no change 


Ag94.0Au3.0Ni3.0 


no change 


Ag99.8Au0.1A10,l 


no change 


Ag98.4Au0.1A11.5 


no change 
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Ag9o.9Au0.1Al3.0 


no change 


A ~nO j1 A 1 C A 1A 1 

Ag98.4Au 1 .5 AlO. 1 


no change 


Ag97.0Au 1 .5 Al 1 .5 


no change 


A CCA 1 CAlTA 

Ag95.5Aul.5A13.0 


no change 


A AZT A A 1 A A tA 1 

Ag9o.9Au3.0A10.1 


no change 


A ~A C CA.."? AA11 C 

Ag95.5Au3.0A11.5 


no change 


A A vIAA .TAAITA 

Ag94.0Au3.0AI3.0 


no change 


Ag99.8Au0.1Nb0.1 


no change 


Ag98.4AuO.lNbl. 5 


no change 


Ag96.9Au0.1Nb3.0 


no change 


Ag98.4Aul.5Nb0.1 


no change 


Ag97.0Aul.5Nb 1.5 


no change 


Ag95.5Aul.5Nb3.0 


no change 


Ag96.9Au3.0Nb0.1 


no change 


Ag95.5Au3.0Nb 1.5 


no change 


Ag94.0Au3.0Nb3.0 


no change 


AgRuX Table 3 Continued 


Material composition ( wt%) 


Alkali solution 


Ag98.0Ru2.0 


many black stains 


Ag97.0Ru3.0 


moderate black stains 


Ag99.8Ru0.1Cu0.1 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


Ag98.lRuO.9Cu 1.0 


no change 


Ag98.9Rul.0Cu0.1 


no change 


Ag97.9Ru2.0Cu0.1 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


Ag96.5Ru3.0Cu0.5 


no change 


Ag94.0Ru3.0Cu3.0 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


Ag98.lRuO.9Ti 1.0 


no change 


Ag98.9Rul.0Ti0.1 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


Ag96.5Ru3.0Ti0.5 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


Ag99.8Ru0.1Cr0.1 


no change 


Ag98.4Ru0.lCrl .5 


no change 


Ag96.9Ru0.1Cr3.0 


no change 


Ag98.4Rul.5Cr0.1 


no change 
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Ag97,0Rul.5Crl.5 


no change 


Ag95.5Rul.5Cr3,0 


no change 


Ag9o.9Ru3.0Cr0.1 


no change 


A -J^C A^^ 1 ^ 

Ag95.5Ru3.0Crl. 5 


no change 


Ag94.0Ru3 .0Cr3 .0 


no change 


Ag99.8Ru0.1Ta0.1 


no change 


A _A O ATk A 1 T"— 1 C 

Ag98.4RuO.lTal. 5 


no change 


A _A ^ AT» A 1 HP A 

Ag96.9Ru0.1Ta3.0 


no change 


A —AO j4 T* "1 ^T* A "1 

Ag98.4Rul.5Ta0.1 


no change 


A A'T AT* 1 CT* 1 /" 

Ag97.0Rul.5Tal. 5 


no change 


Ag95.5Rul.5Ta3.0 


no change 


A ^ C\ /' AT* AT** A 1 

Ag96.9Ru3.0Ta0.1 


no change 


A r\c CT\ ^ Ann i c 

Ag95.5Ru3.0Tal. 5 


no change 


A -^/A A AT» 'I Ann "I A 

Ag94.0Ru3.0Ta3.0 


no change 


Ag99,8RuO. 1 MoO. 1 


no change 


A ^/AO A T* A 1 H X 1 ^ 

Ag98.4RuO. IMol .5 


no change 


A AT* A 1 H jT a 

Ag96.9Ru0.1Mo3.0 


no change 


Ag98.4Rul.5Mo0.1 


no change 


A -J^T AT* 1 MAC 

Ag97.0Rul.5Mol. 5 


no change 


A A C C Tl 1 CK /f OA 

Ag95.5Rul.5Mo3.0 


no change 


A -J^Z" AT* 1 ATI jT A 1 

Ag96.9Ru3.0Mo0. 1 


no change 


A -J^C CT* 1 ATI jT 1 ^ 

Ag95.5Ru3.0Mol. 5 


no change 


A y* AT> 1 AX jT O A 

Ag94.0Ru3.0Mo3 . 0 


no change 


Ag99,8Ru0.1Ni0.1 


no change 


A _A O jITI a 1XT'1 C 

Ag98.4Ru0.lNil. 5 


no change 


A ~A Z" AT* A 1XT*'1 A 

Ag9o.9Ru0.1Ni3.0 


no change 


A _A O A'n "t ^XT'A 1 

Ag98.4RuL5Ni0.1 


no change 


Ag97.0Rul.5Nil. 5 


no change 


A AC CT% 1 CXT'O A 

Ag95.5Rul .5Ni3.0 


no change 


A A^ AT* 1 AXT'A 1 

Ag96.9Ru3.0Ni0.1 


no change 


A ~A C CT% 1 AX T * 1 C 

Ag95.5Ru3.0Nil. 5 


no change 


A _A jl AT* 'y AXT'I A 

Ag94.0Ru3.0Ni3.0 


no change 


Ag99.8Ru0.1A10.1 


no change 


A -^A OvIO AIAII C 

Ag98.4RuO.lAll. 5 


no change 


A -J^Z AT* A 1 A n A 

Ag96.9Ru0.1A13.0 


no change 




no cnange 


Ag97.0Rul.5All. 5 


no change 


Ag95.5Rul.5A13.0 


no change 


Ag96.9Ru3.0A10.1 


no change 


Ag95.5Ru3.0All. 5 


no change 


Ag94.0Ru3.0A13.0 


no change 
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Ag99.8Ru0.1Nb0.1 


no change 


Ag98.4RuO.lNbl. 5 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


Agyo.4Kul.5Nb0.1 


no change 


Ag97.0Rul.5Nbl.5 


no change 


Ag95.5Rul.5Nb3.0 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


Ag95.5Ru3.0Nbl. 5 


no change 


Ag94.0Ru3.0Nb3.0 


no change 



[0065] As shown in Table 3, the decrease in the reflection index was not observed 
with the Ag-alloy layers of the present invention of any composition. Thus, the ternary Ag-alloy 
layers are more stable to alkali solution than conventional layers, and the quality of the inventive 
layers was superior to the conventional layers. 

[0066] Next, the reflection index at 500 nm and 800 nm was measured in both layers. 
The range from 500 to 800 nm (565 nm) is the standard optical wavelength range for liquid 
crystal display devices. As shown in Table 4, the reflection index of the ternary Ag-alloy layers 
of the present invention was improved by 0.5-3.0 % compared with Al, the Al alloy, Ag, and the 
binary Ag-alloy layers. 



Table 4 



Material composition ( wt%) 


500 mm wavelength 


800 mm wavelength 




reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0Mg4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76.6 


Ag 


98.2 


98.8 


Ag98.0Pd2.0 


91.3 


94.5 


Ag97.0Pd3.0 


86.9 


92.1 


Ag99.8Pd0.1Cu0.1 


98.0 


98.6 


Ag99.4Pd0.5Cu0.1 


98.0 


98.4 


Ag98.1Pd0.9Cul.O 


97.8 


98.0 


Ag98.9Pdl.0Cu0.1 


94.4 


97.6 


Ag97.9Pd2.0Cu0.1 


91.4 


94.6 


Ag96.9Pd3.0Cu0.1 


87.5 


93.4 


Ag96.5Pd3.0Cu0.5 


87.3 


92.7 


Ag94.0Pd3.0Cu3.0 


84.7 


91.1 
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Ag99.8Pd0.1Ti0.1 


AO A 

98.0 


AO t: 

98.6 


Ag99.4Pa0.5Ti0.1 


AO A 

98.0 


98.4 


Ag98.1Pd0.9Til.O 


97.6 


97.9 


Ag98.9Pal.0Ti0.1 


94.4 


97.6 


Ag97.9Pd2.0Ti0.1 


91.4 


94.6 


Ag96.9Pd3.0Ti0.1 


87.5 


93.4 


Ag96.5Pd3.0Ti0.5 


87.0 


92.5 


Ag94.0Pd3.0Ti3.0 


87.0 


90.7 


Ag99.8Pd0.1Cr0.1 


94.6 


94.7 


Ag98.4PdO.lCrl. 5 


91.7 


91.7 


Ag96.9Pa0.1Cr3.0 


OA O 

89.3 


89.7 


Ag98.4Pdl.5Cr0.1 


A 1 C 

91.5 


91.7 


A AT ATI J 1 C/^— 1 C 

Ag97.0PdL5Crl.5 


o ^ o 

86.8 


86.8 


Ag95.5Pdl.5Cr3.0 


84.2 


84.2 


Ag96.9Pd3.0Cr0.1 


85.6 


85.6 


Ag95.5Pd3,0Crl.5 


83.5 


83.5 


Ag94.0Pd3.0Cr3,0 


82.7 


82.7 


Ag99.8Pd0.1Ta0.1 


94.6 


94.7 


Ag98.4PdO.lTal. 5 


91.7 


91.7 


Ag96.9Pd0.1Ta3.0 


89.3 


89.7 


Ag98.4Pdl.5Ta0.1 


91.5 


91.7 


Ag97.0Pdl.5Tal. 5 


86.8 


86.8 


Ag95.5Pdl.5Ta3.0 


84.2 


84.2 


Ag96.9Pd3.0Ta0.1 


85.6 


85.6 


A ^TiJ'^ AT* 1 C 

Ag95.5Pd3.0Tal. 5 


83.5 


83.5 


A A i\T\A^ Ann A 

Ag94.0Pd3.0Ta3.0 


82.7 


82.7 


Ag99.8Pd0.1Mo0.1 


94.6 


94.7 


Ag98,4PdO. 1 Mo 1 .5 


91.7 


91.7 


Ag96.9Pd0. 1 Mo3 .0 


89.3 


89.7 


Ag98.4Pdl.5Mo0. 1 


91.5 


91.7 


A AT AT* J 1 CX jT— 1 C 

Ag97.0PdL5Mol.5 


86.8 


86.8 


Ag95,5Pdl.5Mo3.0 


84.2 


84.2 


A AT*JO A* jT A 1 

Ag96.9Pd3.0Mo0.1 


85.6 


85.6 


Ag95.5Pd3.0Mol. 5 


83.5 


83.5 


A A AT^JI AH jT 1 A 

Ag94.0Pd3.0Mo3.0 


82.7 


82.7 


AoOfi dPrin llViO 1 


1 


OA 1 

yo. 1 


Ag98.4PdO.lNi 1.5 


95.6 


95.6 


Ag96.9Pd0.1Ni3.0 


94.3 


94.8 


Ag98.4Pdl.5Ni0.1 


92.7 


93.7 


Ag97.0Pdl.5Nil. 5 


91.2 


92.1 


Ag95.5Pdl.5Ni3.0 


88.9 


90.7 
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Ag96.9Pd3.0Ni0.1 


86.1 


OO A 

88.9 


Ag95.5Pd3.0Nil. 5 


84.6 


O o 

86.2 


Ag94.0Pd3.0Ni3.0 


O O T 

82.7 


84.6 


Ag99.8Pd0.1AI0.1 


AO 1 

98.1 


AO 1 

98.7 


Ag98.4Pd0.1A11.5 


AO 1 

98.1 


AO A 

98.4 


Ag96.9Pd0.1A13.0 


AT H 

97.6 


98.1 


Ag98.4Pdl.5Al0.1 


96.5 


97.6 


A ^^A*? AT* J 1 C A 1 1 C 

Ag97.0Pdl.5All. 5 


95.3 


96.8 


Ag95.5Pdl.5A13.0 


93.5 


95.9 


A -J^^ AT\J'^ A A lA 1 

Ag96.9Pd3.0A10. 1 


A 1 

91 


94.6 


A ~A C ^TkJT AA11 C 

Ag95.5Pd3.0Al 1.5 


88.6 


93 


A _A y1 ATlJO A A n A 

Ag94.0Pd3.0A13.0 


86.1 


91.7 


A C\(\ O T* J (\ •% "Ml—A ■% 

Ag99.8Pd0.1Nb0.1 


A C 

95 


95.3 


Ag96.4Pa0. 1 Nbl .5 


C\A A 

94.4 


A /I O 

94,8 


Ag9o.9Pa0.1Nb3.0 


AO O 

93.8 


94.2 


A AO AViAy CXrUA 1 

Ag98.4Pal.5ND0. 1 


A'O A 


92.7 


A C\n An J 1 CXTL. 1 c 

Ag97.0Pal.5ND 1.5 


AA O 

90.8 


91.4 


Ag95.5Pdl.5Nb3.0 


89.5 


90.2 


A ~A^ ATIJT AX TLA 1 

Ag96.9Pd3.0ND0.1 


86.7 


87.9 


A -.^A ^ CTUT AXTL 1 C 

Ag95.5Pd3.0NDl. 5 


84.6 


85.9 


A ,jr\.A ATiJI AXTLI A 

Ag94.0Pd3.0ND3.0 


82.7 


84.7 


Ag99,8Pd0.1Au0.1 


96.7 


97.0 


A —AO jITiJA 1 A 1 C 

Ag98,4Pd0.1Aul.5 


96.4 


96.8 


A C\£. AT»JA 1 A OA 

Ag9o.9Pd0.1Au3.0 


95.8 


96.1 


A AO j4T»J1 C K a 1 

Ag98.4Pdl.5Au0.1 


92.3 


94.5 


A AT AFlJI C K \ C 

Ag97.0PdL5Aul.5 


92.1 


94.3 


A AC CFiJI C K OA 

Ag95.5Pdl.5Au3.0 


92.4 


95.0 


A ~A^ AFlJT A A A 1 

Ag96.9Pd3.OAuO. 1 


85.1 


85.3 


Ag95.5Pd3.0Au 1.5 


o o o 

83.2 


83.3 


A -wA/l ATiJO A A ..T A 

Ag94.0Pd3.0Au3.0 


82.0 


82.8 


A _AA OT^ A 1 A A 

Ag99.8Ru0.1Au0.1 


96.6 


97.1 


A ~AO /in. .A 1 A 1 C 

Ag98.4Ku0. 1 Aul .5 


96.3 


96.7 


A _A^ An A 1 A OA 

Ag96.9RuO. 1 Au3 .0 


95.8 


96.1 


A ~AO /in 1 C A A 1 

Ag98.4Rul .5AuO. 1 


92.4 


94.4 


A ~AT An 1 C A 1 C 

Ag97.0Rul.5Aul. 5 


92.1 


94.3 


AffOS SRiil SAii'^ 0 






Ag96.9Ru3.0Au0.1 


85.1 


85.3 


Ag95.5Ru3.0Aul. 5 


83.2 


83.2 


Ag94.0Ru3.0Au3.0 


82.0 


82.8 


Ag99.8Pd0.1Ru0.1 


96.7 


97.1 


Ag98.4PdO.lRu 1.5 


96.4 


96.6 
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Ag9o.9PaO. 1 Ru3 .0 


AC O 

95.0 


96.5 


Ag;98.4Pal.5Ru0.1 


A*^ 1 

92.3 


AT C 

93.5 


Ag97.0Pdl.5Rul. 5 


92.0 


94.3 


Ag95.5Pdl.5Ru3.0 


92.3 


95.0 


Ag96.9Pd3.0RuO.l 


85.0 


85.3 


Ag95.5Pd3.0Rul. 5 


83.3 


83.3 


Ag94.0Pd3.0Ru3.0 


82.1 


82.5 








Material composition ( wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Ag98,0Au2.0 


87.3 


92.2 


A .—r\ 1 A A O A 

Ag97,0Au3.0 


86.1 


91.3 


Ag99,8 AuOJ CuO. 1 


AO ^ 

98.2 


AO O 

98.8 


A ^.wAA A A ..A C/^..A 1 

Ag99.4AuO,5CuO. 1 


AO 1 

98.1 


AO C 

98.5 


A --i^O 1 A A C\/~^ 1 A 

Ag98. 1 AuO,9Cul .0 


AT ZT 

97.6 


98.0 


A ^■^nO A A 1 Arf^. . A 1 

AgVo.yAul ,OLuO. 1 


A^ C 

96.5 


AT /T 

97.6 


A .-wAT A A ..'^ A/^.,A 1 

Agy7,9Au2.UCuO. 1 


AC ^ 

95.2 


A/T r\ 

96.9 


A A^ A A ..O A/^..A 1 

Ag96.9Au3.0Cu0.1 


AT T 

93.7 


A/' 1 

96.1 


Ag9o.5Au3.OCuO. 5 


A 1 1 

91,1 


94.7 


A ^r%A A A .,1 AO.-T A 

Ag94.0Au3.0Cu3.0 


O c ^ 

85,6 


A 1 O 

91,8 


A —AA OA A i T^'A ■% 

Ag99.8Au0.1Ti0.1 


AO A 

98.0 


AO C 

98.5 


A ~A A A A . . A C T^l A 1 

Ag99.4Au0.5 1 lO. 1 


AT O 

97.8 


98.2 


A AO 1 A ,.A AT".' 1 A 

Ag9o.l AuO.9 lil.O 


AT T 

97.3 


97.9 


Ag9o,yAU 1.01 lO. 1 


96.0 


AT C 

97.5 


A AT A A AT'IA 1 

Ag97.9Au2.01i0.1 


AC C 

95.5 


97.1 


A ™Air A A .,'5 AT*; A 1 

Ag96.9Au3.0ri0.1 


AO A 

93.9 


96.3 


A A/T C A A'T'JA C 

Ag9o.5 Au3 .OTiO.5 


A'^ 1 

92,3 


95.2 


A ^^J\ A A A T AT*"! A 

Ag94.0Au3.0Ti3,0 


86.4 


90.8 


Ag99.8Au0.1Cr0.1 


94.6 


94.7 


A .^.wAO A A ..A 1 C 

Ag9o.4AuO. 1 Crl .5 


93.4 


93.6 


A A^ A A A 1 A 

Ag96.9Au0.1Cr3.0 


91.9 


92.4 


A no A K 1 C/^_A 1 

Ag98.4Aul.5Cr0.1 


90.2 


90.7 


A "7 A A , . 1 C 1 C 

Ag97.0Aul.5Crl. 5 


o o c 

88.5 


89.3 


Ae95 5Aul 5Cr3 0 




oo.o 


Ag96.9Au3.0Cr0.1 


84.9 


85.2 


Ag95.5Au3.0Crl. 5 


83.4 


83.8 


Ag94.0Au3.0Cr3.0 


82.6 


82.6 


Ag99.8Au0.1Ta0.1 


95.1 


95.3 


Ag98.4AuO.lTal. 5 


94.6 


95.0 
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Ag96.9Au0.1Ta3.0 


93.4 


A A 1 

94.1 


Ag98.6Aul.5Ta0.1 


91.8 


92.5 


Ag97.0Aul.5Tal. 5 


90.4 


91.2 


Ag95.5Aul.5Ta3.0 


88.7 


89.9 


Ag96.9Au3.0Ta0.1 


OCA 

85.9 


87.6 


Ag95.5Au3.0Tal.5 


O A C 

84.5 


OCA 

85.9 


A A >< A A O AT"^ T A 

Ag94.0 Au3 .0Ta3 .0 


oo o 

82.8 


84.2 


Ag99.8Au0.1MoO,l 


A vt O 

94.8 


AC 1 

95.1 


A O^A A1"lljr-.1 C 

Ag98.4AuO. 1 Mol .5 


94.2 


94.7 


Ag96.9 AuO. 1 Mo3 .0 


93.5 


94.0 


Ag98.4Aul.5Mo0.1 


92.3 


92.9 


A ^ r\'^ A A 1 C\ JT t C 

Ag97.0Aul.5Mol. 5 


90.6 


91.5 


Ag95.5Aul.5Mo3.0 


89.7 


90.3 


Ag96.9Au3.0Mo0.1 


86.8 


88.6 


Ag95.5Au3.0Mol.5 


84.6 


86.4 


Ag94.0Au3.0Mo3.0 


82.7 


84.5 


Ag99.8Au0.1Ni0.1 


95.7 


95.9 


Ag98.4AuO.lNil. 5 


95.2 


95.4 


Ag96.9Au0.1Ni3.0 


93.9 


94.6 


Ag98.4Aul.5Ni0.1 


92.3 


93.5 


Ag97.0Aul.5Nil. 5 


90.8 


91.9 


A —AC C A 1 CXT*'> A 

Ag95.5Aul.5Ni3.0 


88.7 


90.6 


A A A 1 AX T ■ A 1 

Ag96.9Au3.0Ni0.1 


85.9 


88.8 


A ^.jC\ CCA O AX T ■ 1 C 

Ag95,5Au3,0Nil,5 


84.4 


86.1 


A j1 A A 1 AX T ■ 1 A 

Ag94.0Au3.0Ni3.0 


82.6 


84.5 


Ag99.8Au0.1A10.1 


98.0 


98.6 


Ag98.4Au0.1A11.5 


97.9 


98.3 


A ..^t\^l A A A 1 A n A 

Ag96.9Au0. 1 Al3 .0 


97.5 


98.0 


A AO A A 1 C A 1A 1 

Ag98.4Aul.5A10.1 


96.4 


97.5 


A —AT AA i CA11 C 

Ag97.0Aul.5All. 5 


95.2 


96,7 


A r\ F FA ■* A 1 /\ 

Ag95.5Aul.5A13.0 


93.4 


95.8 


Ag96,9Au3.0A10.1 


90.8 


94.4 


Ag95,5Au3.0A11.5 


88.4 


92.8 


A -^J\ A f\ A lAAI-^A 

Ag94.0Au3.0A13.0 


85,9 


91.5 


Ag99.8Au0.1Nb0.1 


94,8 


95.1 




Qzl 'X 


QA 1 


Ag96.9Au0.1Nb3.0 


93.5 


94.1 


Ag98.4Aul.5Nb0.1 


92.1 


92.6 


Ag97.0Aul.5Nb 1.5 


90.5 


91.3 


Ag95.5Aul.5Nb3.0 


89.2 


90.1 


Ag96.9Au3.0lNfb0.1 


86.4 


87.8 
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Ag95.5Au3.0Nbl. 5 


84.3 


85.7 


Ag94.0Au3.0Nb3.0 


82.4 


84.5 


AgRuX Table 4 Continued 


Material composition ( wt%) 


SOOmni wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Ag98.0Ru2.0 


86.3 


91.2 


Ag97.0Ru3.0 


86.0 


91.3 


Ag99.8Ru0.1Cu0.1 


98.1 


98.8 


Ag99.4Ru0.5Cu0.1 


98.0 


98.6 


Ag98.1Ru0.9Cul.O 


97.6 


98.1 


Ag98.9Rul.0Cu0.1 


96.5 


97.5 


Ag97.9Ru2.0Cu0.1 


95.2 


96.8 


Ag96.9Ru3.0Cu0.1 


93.7 


96.0 


Ag96.5Ru3.0Cu0.5 


91.1 


94.7 


Ag94.0Ru3.0Cu3.0 


85.6 


91.7 


Ag99.8Ru0.1Ti0.1 


98.0 


98.4 


Ag99.4Ru0.5Ti0.1 


97.7 


98.2 


Ag98.lRuO.9Ti 1.0 


97.2 


97.9 


Ag98.9Rul.0Ti0.1 


96.5 


97.5 


Ag97.9Ru2.0Ti0.1 


95.4 


97.1 


Ag96.9Ru3.0Ti0.1 


93.8 


96.3 


Ag96.5Ru3.0Ti0.5 


92.1 


95.2 


Ag94.0Ru3.0Ti3.0 


86.4 


90.8 


Ag99.8Ru0.1Cr0.1 


94.6 


94.7 


Ag98.4RuO.lCrl. 5 


93.4 


92.6 


Ag96.9Ru0.1Cr3.0 


91.9 


92.4 


Ag98.4Rul.5Cr0.1 


90.5 


91.7 


Ag97.0Rul.5Crl. 5 


88.2 


88.3 


Ag95.5Rul.5Cr3.0 


86.1 


86.6 


Ag96.9Ru3.0Cr0.1 


84.8 


84.2 


Ag95.5Ru3.0Crl. 5 


83.3 


83.8 


Ag94.0Ru3.0Cr3.0 


82.4 


82.6 


Ag99.8Ru0.1TaO.l 


95.0 


95.3 


Ag98.4Ru0.lTal. 5 


94.6 


95.0 


Ag96.9Ru0.1Ta3.0 


93.4 


94.1 


Ag98.4Rul.5Ta0.1 


91.8 


92.5 


Ag97.0Rul.5Tal.5 


90.4 


91.2 


Ag95.5Rul.5Ta3.0 


88.7 


89.9 


Ag96.9Ru3.0Ta0.1 


85.9 


87.6 
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AgyD.5Ku3.U lal.5 


0/1 C 

o4.5 


OC A 

o5.y 


Agy4.UKu3.U lai.U 


oz.o 




Agyy.oKuO.lMoO.l 


y4. 7 


AC 1 

y5.i 


AgV 0.4KUU. 1 Mo 1 .J 


A>1 1 

y4.i 


y4.7 


Agyo.yKuu. imoj.u 


y3.3 


A/1 A 

y4.u 


A <-*A0 CXyfrtA 1 


y2.2 


AT A 

yz.y 


Agy/.UKul .jMoIo 


AA C 

yu.5 


A 1 C 

yi,5 


A nAC CD«.1 CAyf^l A 

Ag!:^5. jKuI .5Mo3.U 


OA A 

oy.y 


A 1 1 

91.3 


A nA/C AT>*.0 AX>f«A 1 

Ag9o.yKu3.0Mo0.1 


o/c 0 
00.0 


00 
00.0 


A g9 5 . 5 Ku 3 . 0 Mo 1 . 5 


o4.o 


00.3 


Agy4.0Ku3 .UMo3 .0 


o2.o 


0 y| C 

o4.5 


A »AA on. .A 1 IVTIA 1 

Ag99.8Ku0.1INi0.1 


A/C T 

yo.7 


A*? 1 

y7.2 


Agyo.4KuU. lINll. J 


yo.j 


A/C A 

yo.y 


A AOiiA A 

Agyo.yKuu. iiNij.u 


yo. 1 


A/C 1 

yo.3 


Agyo.4KUl .DlNlU. 1 


y5,3 


AC 0 

y5.o 


Agy / .UKU 1 .3 IN U . D 


y3. / 


A/I T 

y4.7 


Agyj.jKUl.JlNlJ.U 


A 1 T 

y i.z 


Al 1 

93.3 


Agyo.yKu3.UNlU. 1 


00.4 


A 1 

91.7 


Agy5.5Ku3.UNl 1.5 


OCA 

o5.U 


87.2 


Agy4.UKu3.UNl3.U 


0 T C 

o3.5 


0 c ^ 

85.6 


A »AA OT>..A 1 A lA 1 

Agy 9 .oKuO. 1 AlU. 1 


AO A 

yo.u 


AO A 

98.4 


A /ir>iiA 1 All C 

Agyo.4KuU. 1A11.5 


AT A 

y/.y 


AO 0 

98.2 


A rrd/Z OOiiA 1 A 11 A 

AgyO.yKuU. 1 A13.U 


AT C 

y7.5 


AO 1 

98.1 


A #>00 /IO11I C A tA 1 

Agyo.4Kul.5AlU. 1 


yo.4 


AT C 

97,5 


A AD 11 1 ^ A 1 1 C 

Agy /.UKU1.5A11.5 


AC 1 

y5.2 


A^ C 

96.5 


Agy5.5Kul.5A13.U 


y3.4 


A C 0 

95.8 


A j-^/C AT>i»1 A A lA 1 

Agyo.yKu3.UAlU.l 


AA 0 

yu.o 


f\ A A 

94.4 


A ^OiiT AA11 C 

Agy5.5Ku3.UAll .5 


00 A 

00.4 


AO T 

92.7 


A rtA/1 AT5ii1 AAH A 

Agy4.UKu3 .UA13 .U 


0 C A 

o5.4 


A 1 C 

91.5 


A »AA on. .A 1 I^TWA 1 

Agyy.sRuo.iNbo.i 


(\A n 

y4.7 


AC 1 

95.2 


Agyo.4KuU. INDI.5 


C\A 1 

y4.3 


A yl T 

94.7 


Agyo.yKuU, 1ND3.U 


Al ^ 

y3.4 


f\A 1 

94.1 


AoQR 4T?ii1 SMV»n 1 


yz. 1 


yz.j 


Ag97.0Rul.5Nbl.5 


90.2 


91.3 


Ag95.5Rul.5Nb3.0 


88.1 


90.0 


Ag96.9Ru3.0Nb0.1 


85.2 


87.8 


Ag95.5Ru3.0Nbl. 5 


84.1 


85.7 


Ag94.0Ru3.0Nb3.0 


82.4 


84.5 
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[0067] Thus, it was revealed that the Ag-alloy layers of the present invention were 
very useful as reflectors or reflective wiring electrodes for reflection-type liquid crystal display 
devices. 

Example 3 

[0068] In this Example, the utility of the ternary Ag-alloy layer as infrared-ray or 
heat-ray reflecting layers for building glass was studied. Further, the adaptability of the ternary 
layer to a resin substrate under high-temperature and high-humidity conditions was studied. 

[0069] The tests on weather resistance under high-temperature and high-humidity 
conditions were carried out with regard to the ternary Ag-alloy layers, compared with binary Ag- 
alloy layers including Ag-Pd alloy layers, Ag-Au alloy layers and Ag-Ru alloy layers. The ternary 
Ag-alloy layers were deposited on all kinds of substrates (substrates made of nonalkali glass, 
low-alkali glass, borosilicate glass, and quartz glass) by ternary simultaneous sputtering. The 
change of the Ag-alloy layers was examined over time in an atmosphere of 90 °C and 90 % 
humidity. 

[0070] The tests for weather resistance were carried out with regard to monolayers of 
the ternary reflecting layers and laminates of the base film and the ternary reflecting layer. For 
the monolayers, the ternary reflecting layer was directly deposited on the substrate. For the 
laminates, the base film, such as ITO, ZnO, ZnO-Al203 composite oxide and Si02, was deposited 
on the substrate and then the Ag-alloy reflecting layer was deposited on the base film. The 
difference between the monolayers and the laminates was also evaluated. 

[0071] The results showed that both the monolayers of the ternary reflecting layer and 
the laminates of the base film and the Ag-alloy reflecting layer have higher weather resistance 
than the monolayers of the binary reflecting layers. The ternary reflecting layers maintained heat 
resistance, reflection index, and weather resistance, independent of the base film. It was 
confirmed that the temary reflecting layers of the present invention were more useful than the 
conventional binary reflecting layer as infrared-ray or heat-ray reflecting layers for building glass 
such as windowpanes (data not shown). 

[0072] Widely used conventional reflecting layers made of Al, an Al alloy, Ag, an Ag- 
Pd alloy react with a resin substrate at the adhesive interface when kept under high temperature 



and high humidity conditions. The following tests were conducted on the chemical stability of 
the reflecting layers of the present invention against the resin substrates under high temperature 
and high humidity conditions. 

[0073] To confirm the chemical stability of the ternary reflecting layers of the present 
invention, the reflecting layers were deposited at a thickness of 15 nm on the resin layer of 
PMMA, PET, PC, silicone, and the like by ternary simultaneous sputtering. The layers were kept 
under high temperature and high humidity conditions for 24 hours. The change in appearance 
and reflection characteristics over time was examined. 



Table 5 



Maienal 
composition 
(wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull white 
color, detachment from the 

SUDS u ate 


Ag98,0Pd2.0 


many black stains 


detachment occurred 


Ag97.0Pd3.0 


moderate black stains 


detachment occurred 


Ag99.8Pd0.1Cu0.1 


no change 


less color change 


Ag99.4Pd0.5Cu0.1 


no change 


no change 


Ag98.1Pd0.9Cul.O 


no change 


no change 


Ag98.9Pdl.0Cu0.1 


no change 


no change 


Ag97.9Pd2.0Cu0.1 


no change 


no change 


Ag96.9Pd3,0Cu0.1 


no change 


no change 


Ag96.5Pd3.0Cu0.5 


no change 


no change 


Ag94.0Pd3.0Cu3.0 


no change 


no change 


Ag99.4PdO,lTi0.1 


no change 


no change 


Ag99.4Pd0.5Ti0.1 


no change 


no change 


Ag98.1Pd0.9Til.O 


no change 


no change 


Ag98.9Pdl.0Ti0.1 


no change 


no change 


Ag97.9Pd2.0Ti0.1 


no change 


no change 


Ag96.9Pd3.0Ti0.1 


no change 


no change 


Ag96.5Pd3.0Ti0.5 


no change 


no change 


Ag94.0Pd3.0Ti3.0 


no change 


no change 


Ag99.8Pd0.1Au0.1 


no change 


no change 


Ag98.4PdO.lAul, 5 


no change 


no change 


Ag96.9Pd0.1Au3.0 


no change 


no change 


Ag98.4PdL5Au0.1 


no change 


no change 


Ag97.0Pdl.5Aul.5 


no change 


no change 



Ag95.5Pdl.5Au3.0 


no change 


no change 


Ag96.9Pd3.0Au0.1 


no change 


no change 


Ag95.5Pd3.0Aul. 5 


no change 


no change 


Ag94.0Pd3.0Au3.0 


no change 


no change 


Ag99.8Pd0.1Cr0.1 


no change 


no change 


Ag98.4PdO.lCrl. 5 


no change 


no change 


Ag9o.9Pd0.1Cr3.0 


no change 


no change 


Ag98.4Pdl.5Cr0.1 


no change 


no change 


Ag97.0Pdl.5Crl. 5 


no change 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


no change 


Ag9o.9Pd3.0Cr0.1 


no change 


no change 


Ag95.5Pd3.0Crl. 5 


no change 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


no change 


Ag99.8Pd0.1TaO,l 


no change 


no change 


Ag98.4Pd0.lTal. 5 


no change 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


no change 


A A A jl "T* J 1 CT^ A 1 

Ag98.4Pdl.5Ta0.1 


no change 


no change 


A AT AT* J -1 1 ^ 

Ag97.0Pdl.5Tal. 5 


no change 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


no change 


A ~/\/r AT*J1 AT™" A 1 

Ag96.9Pd3.0Ta0.1 


no change 


no change 


A f\C CT*J1 AT" 1 C 

Ag95.5Pd3.0Tal. 5 


no change 


no change 


A >l AT^JI AT" O A 

Ag94.0Pd3.0Ta3.0 


no change 


no change 


Ag99.8Pd0.1Mo0.1 


no change 


no change 


Ag98.4PdO.lMol. 5 


no change 


no change 


A e\y AT* J A 1 'k # 

Ag96.9Pd0.1Mo3.0 


no change 


no change 


A A A j1 T\ J 1 CK £ e\ ■% 

Ag98.4Pdl.5Mo0.1 


no change 


no change 


Ag97.0Pdl.5Mol. 5 


no change 


no change 


Ag95.5PdL5Mo3.0 


no change 


no change 


Agyo.yPdi.OMoO. 1 


no change 


no change 


Agy5.5rd3.0Mo 1.5 


no change 


no change 


A A A A'TU'^ AAjT T A 

Ag94.0Pd3.0Mo3.0 


no change 


no change 


Ag98.4PdO,lNi0.1 


no change 


no change 


A AO AT\Af\ 1VT'1 C 

Ag98.4PdO.lNil. 5 


no change 


no change 


Ag96.9Pd0.1Ni3.0 


no change 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


no change 


Ae^7 OPdl ^Nil S 


IIU CllallgC 


no cnange 


Ag95.5Pdl.5Ni3.0 


no change 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


no change 


Ag95.5Pd3.0Nil.5 


no change 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


no change 


Ag99.8Pd0.1A10.1 


no change 


no change 




Ag98.4Pd0.1All.5 


no change 


no change 


Ag96.9Pd0.iAI3.0 


no change 


no change 


A f\0 AT%A\ C A l/\ 1 

Ag98.4Pdl.5A10.1 


no change 


no change 


A -J^'^ /\TlJ1 CA11 e 

Ag97.0Pdi.5Al 1.5 


no change 


no change 


Ag95.5Pdi.5A13.0 


no change 


no change 


Ag9o.9Pd3.0Ai0.1 


no change 


no change 


A _^_A C CTU"^ AA11 C 

Ag95.5Pd3.0All. 5 


no change 


no change 


A _A y1 AT^JT A A n A 

Ag94.0Pd3.0A13.0 


no change 


no change 


Ag99,8Pd0.1Nb0.1 


no change 


no change 


Ag98.4PdO.lNDl. 5 


no change 


no change 


Ag96.9Pd0.1ND3.0 


no change 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


no change 


A AT A"r> J 1 CXT1_ 1 C 

Ag97.0Pdl.5NDl. 5 


no change 


no change 


A AC CTU 1 CXT1_1 A 

Ag95.5Pdl.5ND3.0 


no change 


no change 


A ,jr\C AT>J'5 AXT1_A 1 

Ag96.9Pd3.0ND0, 1 


no change 


no change 


A ,_A C C r* J T AX Tl_ 1 C 

Ag95.5Pd3.0NDl. 5 


no change 


no change 


A ,wAyl AT* JO AXTl-O A 

Ag94.0Pd3 .0Nd3 .0 


no change 


no change 


Ag99.8Ru0.1Au0.1 


no change 


no change 


Ag98.4Ru0.lAul. 5 


no change 


no change 


Ag96.9Ru0.1Au3.0 


no change 


no change 


Ag98.4Rul.5Au0.1 


no change 


no change 


A --JAT ATI 1 C A \ C 

Ag97.0Rul .5Aul .5 


no change 


no change 


A ,'.£\C CX\ 1 C A OA 

Ag95.5Rul.5Au3.0 


no change 


no change 


A ,^Ai^^ ATJ.-O A A ..A 1 

Ag9 6 . 9Ru3 . 0 AuO . 1 


no change 


no change 


A AC CT» O A A 1 C 

Ag95.5Ru3.0Aul. 5 


no change 


no change 


A A t\T\ O A A OA 

Ag94.0Ru3 .0Au3 .0 


no change 


no change 


Ag99.8Pd0.1Ru0.1 


no change 


no change 


A ~AO vlTiJA IT* 1 C 

Ag98.4PdO.lRul. 5 


no change 


no change 


A ^J^^ AT*JA 1 T* OA 

Ag9o.9Pd0.1Ru3.0 


no change 


no change 


AnQfi April ^PiiH 1 


no change 


no change 


Ag97.0Pdl.5Rul. 5 


no change 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


no change 


Ag95.5Pd3.0Rul.5 


no change 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


no change 
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AgAuX Table 5 Continued 



Material composition 
( wt%) 


Results of high temperature and high humidity tests 


Change in chemical characteristics 
(decrease in reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


Ap98 0Aii2 0 


many black stains 


detachment occurred 


Ae97 0Au3 0 


moderate black stains 


detachment occurred 


Ag99 SAuO.lCuO 1 


no change 


no change 


Ag99.4Au0.5Cu0.1 


no change 


no change 


Ae98 lAuO 9Cul 0 


no change 


no change 


Ae98 9Aul OCuO 1 


no change 


no change 


Ae97 9Au2 OCuO 1 


no change 


no change 


Ag96.9Au3.0Cu0.1 


no change 


no change 


Ag96.5Au3.0Cu0.5 


no change 


no change 


Ag94.0Au3.0Cu3.0 


no change 


no change 


Ag99.8Au0.1Ti0.1 


no change 


no change 


Ag99.4Au0.5Ti0.1 


no change 


no change 


Ag98.1Au0.9TiL0 


no change 


no change 


Ag98.9Aul.0Ti0.1 


no change 


no change 


Ag97.9Au2.0Ti0.1 


no change 


no change 


Ag96.9Au3.0Ti0.1 


no change 


no change 


Ag96.5Au3.0Ti0.5 


no change 


no change 


Ag94.0Au3.0Ti3.0 


no change 


no change 


Ae99.8Au0.1Cr0.1 


no change 


no change 


Ag98.4AuO.lCrl. 5 


no change 


no change 


Ag96.9Au0.1Cr3.0 


no change 


no change 


Ag98.4Aul.5Cr0.1 


no change 


no change 


Ag97.0Aul.5Crl. 5 


no change 


no change 


Ag95.5Aul.5Cr3.0 


no change 


no change 


Ag96.9Au3.0Cr0.1 


no change 


no change 


Ag95.5Au3.0Crl.5 


no change 


no change 


Ag94.0Au3.0Cr3.0 


no change 


no change 


Ag99.8Au0.1Ta0.1 


no change 


no change 


Ag98.4Au0.lTal. 5 


no change 


no change 


Ag96.9Au0.1Ta3.0 


no change 


no change 


Ag98.6Aul.5Ta0.1 


no change 


no change 


Ag97.0Aul.5Tal .5 


no change 


no change 


Ag95.5Aul.5Ta3.0 


no change 


no change 


Ag96,9Au3.0Ta0.1 


no change 


no change 
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Ag95.5Au3.0Tal. 5 


no change 


no change 


Ag94.0 Au3 .0Ta3 .0 


no change 


no change 


Ag99.8 AuO. 1 MoO. 1 


no change 


no change 


Ag98.4AuO.lMol. 5 


no change 


no change 


Ag96.9 AuO. 1 Mo3 .0 


no change 


no change 


A AO A A 1 C\. *■ A 1 

Ag98.4Aul.5MoO. 1 


no change 


no change 


A AT A A 1 # -t ^ 

Ag97.0Aul.5Mol. 5 


no change 


no change 


A A^ ^ A 1 M ^ /\ 

Ag95.5Aul.5Mo3.0 


no change 


no change 


A ^^J\^ A A AX A 1 

Ag96.9Au3.0Mo0.1 


no change 


no change 


A ^^I\C C A O AH X ■% C 

Ag95.5Au3.0Mol .5 


no change 


no change 


A _A AAA "^AXA 1A 

Ag94.0Au3.0Mo3.0 


no change 


no change 


A AA A A A 4 1^T>n 

Ag99.8Au0.1Ni0.1 


no change 


no change 


A —AO A A A IXT'I C 

Ag98.4Au0.lNil. 5 


no change 


no change 


Ag96,9Au0.1Ni3.0 


no change 


no change 


Ag98.4Aul.5Ni0.1 


no change 


no change 


Ag97.0Aul.5Ni 1.5 


no change 


no change 


Ag95.5Aul.5Ni3.0 


no change 


no change 


A A A A A'V T * /\ 1 

Ag9o.9Au3.0Ni0.1 


no change 


no change 


A i\ C C A. A'V T • •» 

Ag95.5Au3.0Nil.5 


no change 


no change 


A ^^J\ A A A ATwy^ A 

Ag94.0Au3.0Ni3.0 


no change 


no change 


Ag99,8Au0.1AI0.1 


no change 


no change 


A -^AO AA AlAll C 

Ag98.4AuO.lAll. 5 


no change 


no change 


A ^i^Z' A A A 1 A 11 A 

Ag96.9Au0.1A13.0 


no change 


no change 


A AO A A 1 ^ A 1A 1 

Ag98.4Aul.5A10.1 


no change 


no change 


A ATAA 1 C A. 1 t C 

Ag97.0Aul.5All. 5 


no change 


no change 


A A^^A 1 ^AI'IA 

Ag95.5Aul.5A13.0 


no change 


no change 


A A^ A A O A A 1A 1 

Ag96.9Au3.0A10. 1 


no change 


no change 


A r\c CA,.OAA11 C 

Ag95,5Au3.0A11.5 


no change 


no change 


A A A AA,.'^ AAIO A 

Ag94.0 Au3 ,0A13 .0 


no change 


no change 


A ~AA OA {\ •% A ■% 

Ag99.8Au0.1Nb0.1 


no change 


no change 


A O A A A 1 X "TL 1 C 

Ag98.4Au0.1Nbl.5 


no change 


no change 


A _A /T A A A 1 V Tt_ ^ A 

Ag96.9Au0.1Nb3.0 


no change 


no change 


A nC\ 0 >l A 1 1 1 CXTUA 1 

Agyo.4Aul.j!NDU. 1 


no change 


no change 


Ag97.0Aul.5Nbl. 5 


no change 


no change 


Ag95.5Aul.5Nb3.0 


no change 


no change 


Ag96.9Au3.0Nb0.1 


no change 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


no change 


Ag94.0Au3.0Nb3.0 


no change 


no change 
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AgRuX Table 5 Continued 



Material composition 

\ Wl/oJ 


Results of high temperature and high humidity tests 


Change in chemical characteristics 
(decrease in reflection index) 


Visual cnange lo a guu wniie 
color, detachment from the 
substrate 


Ag98.0Ru2.0 


many black stains 


detachment occurred 


A ATI, ,'5 A 

Ag97.0Ru3.0 


moderate black stains 


detachment occurred 


Ag99.8Ru0.1Cu0.1 


no change 


no change 


Ag99.4RuO.5CuO. 1 


no change 


no change 


Ag98. 1 Ru0.9Cu 1 .0 


no change 


no change 


Ag98.9Rul .OCuO. 1 


no change 


no change 


Ag97.9Ru2.OCuO. 1 


no change 


no change 


A ,wAzr Ar>,,'? A/^.,A 1 

Ag96.9Ru3.0Cu0.1 


no change 


no change 


A -j^^ cr» O A/^ A c 

Ag96.5Ru3,0Cu0.5 


no change 


no change 


A —A A An A/^ O A 

Ag94.0Ru3.0Cu3 .0 


no change 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


no change 


A ~AA ATt A CT^*A 1 

Ag99.4Ru0.5TiO.l 


no change 


no change 


Ag98.lRuO.9Ti 1.0 


no change 


no change 


A ^^J\Ci AT* 1 AHP'A 1 

Ag98.9Rul.0Ti0.1 


no change 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


no change 


A A^ AT>..1 AT^'A 1 

Ag96.9Ru3.0Ti0.1 


no change 


no change 


A A/T CT»..T AT^'A C 

Ag96.5Ru3.0Ti0. 5 


no change 


no change 


A ~A A ATI T AT^* T A 

Ag94.0Ru3.0Ti3.0 


no change 


no change 


A AA OY^ A 1 A 1 

Ag99.8Ru0.1Cr0.1 


no change 


no change 


A ~AO /1T1..A 1/^—1 C 

Ag98.4RuO.lCr 1.5 


no change 


no change 


A .ttU^/C AT>,.A 1 T A 

Ag9o.9RuO. 1 Cr3.0 


no change 


no change 


Ag9 5 .4Ru 1 . 5 CrO . 1 


no change 


no change 


Ag97,0Rul .5Crl .5 


no change 


no change 


Ag95.5Rul .5Cr3.0 


no change 


no change 


Ag9o.9Ru3 .OCrO. 1 


no change 


no change 


Ag95.5Ru3.0Crl. 5 


no change 


no change 


Ag94.0Ru3 . 0Cr3 . 0 


no change 


no change 


Ag99.8RuO. 1 TaO. 1 


no change 


no change 


ApQ8 4Riin ITal S 


no change 


no change 


Ag96.9Ru0.1Ta3.0 


no change 


no change 


Ag98.4Rul.5Ta0.1 


no change 


no change 


Ag97.0Rul.5Tal. 5 


no change 


no change 


Ag95.5RuL5Ta3.0 


no change 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


no change 


Ag95.5Ru3.0Tal. 5 


no change 


no change 
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Ag94.0Ru3.0Ta3.0 


no change 


no change 


Ag99.8Ru0.1Mo0.1 


no change 


no change 


Ag98.4RuO.lMol. 5 


no change 


no change 


A ^J^^ Ar* .A IX*—"! A 

Ag9o.9RuO. 1 Mo3 .0 


no change 


no change 


A AO AT% 1 CfcjT A1 

Ag98.4RuL5MoO. 1 


no change 


no change 


A -wAT AT* 1 jf 1 ^ 

Ag97.0RuL5Mol.5 


no change 


no change 


Ag95.5RuL5Mo3.0 


no change 


no change 


A ^^AZT Ar* AX jT A 1 

Ag96.9Ru3 .OMoO. 1 


no change 


no change 


A ^^J^C CF* O AX jT 1 C 

Ag95.5Ru3.0Mol. 5 


no change 


no change 


A _A A ATI 1 AX jT T A 

Ag94.0Ru3 .0Mo3 .0 


no change 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


no change 


A ^A O A'n A IXT'1 ^ 

Ag98.4RuO.lNi 1.5 


no change 


no change 


A A ^AT» A IXT'O A 

Ag9o.9Ru0.1Ni3.0 


no change 


no change 


A AO An 1 CXT'A 1 

Ag98.4Rul.5Ni0.1 


no change 


no change 


Ag97.0Rul.5Nil. 5 


no change 


no change 


Ag95.5Rul .5Ni3.0 


no change 


no change 


A ™Ai^ AT>..'5 AXT.'A 1 

Ag9o.9Ru3.0Ni0. 1 


no change 


no change 


A —AC CT% 1 AXT'1 C 

Ag95.5Ru3.0Nil. 5 


no change 


no change 


A /I ATI AXT ' T A 

Ag94.0Ru3.0Ni3.0 


no change 


no change 


Ag99.8Ru0.1A10.1 


no change 


no change 


A _A Ct ATt A1A11 C 

Ag98.4Ru0.lAl 1.5 


no change 


no change 


A —AZ" AT» A 1 A 11 A 

Ag96.9RuO. 1 A13 .0 


no change 


no change 


A —AO j1 Tl 1 C A 1A 1 

Ag98.4Rul.5A10.1 


no change 


no change 


A —AT AT>..1 CA11 C 

Ag97.0Rul.5All. 5 


no change 


no change 


A -wAC CT*..1 C A n A 

Ag95.5Rul.5A13.0 


no change 


no change 


A -wA^ AT*..1 A A lA 1 

Ag96.9Ru3.0A10. 1 


no change 


no change 


A —A C Cn 'lAAII C 

Ag95.5Ru3.0All. 5 


no change 


no change 


A ^-^J^ A AT* 'y A A 11 A 

Ag94.0Ru3.0A13.0 


no change 


no change 


Ag99.8Ru0.1Nb0.1 


no change 


no change 


A ,-^f\0 ATt A 1 XTL 1 C 

Ag95 .4RuO. 1 Nb 1 . 5 


no change 


no change 


A -wA^ AT>. A 1XrL1 A 

Ag96.9RuO. 1 Nb3 .0 


no change 


no change 


ArrOS ^MViH 1 


no change 


no change 


Ag97.0Rul.5Nbl.5 


no change 


no change 


Ag95.5Rul.5Nb3.0 


no change 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


no change 


Ag95.5Ru3.0Nb 1.5 


no change 


no change 


Ag94.0Ru3.0Nb3.0 


no change 


no change 



[0074] As shown in Table 5, no change was observed with the ternary Ag-alloy 
reflecting layers after 24 hours. When the reflection index of the ternary reflecting layer on the 



various resin substrates was measured by a spectrophotometer, no decrease in reflection index 
was observed at the optical wavelength of 565 nm, which is useful for reflection-type liquid 
crystal display devices, and in the optical wavelength regions from 400 nm to 4 /xm, which is 
required for building glass (data not shown). 

[0075] The ternary reflecting layers of the present invention proved to have high 
chemical stability against resin and to not be limited to a particular substrate material unlike 
conventional layers. 

Example 4 

[0076] Adhesion between the ternary reflecting layers of the present invention and 
various substrates and the effect of the base film, which was placed between the reflecting layer 
and the substrate, on the adhesion were examined. 

[0077] Firstly, the reflecting layers were deposited directly on the substrates of 
PMMA, PET, PC, silicone, acrylic resin, non-alkali glass, low-alkali glass, borosilicate glass, and 
quartz glass by RF sputtering to form a laminate. A JIS (Japanese Industrial Standard) 
cellophane tape was attached to the reflecting layer. The detachment of the reflecting layer from 
the substrate when the tape was stripped at given tension was observed. Inaddition, the laminate 
was diced with a cutter and dipped in pure water in a beaker. Ultrasonic waves were applied to 
the pure water. The frequency of the ultrasonic waves was 50KHz and the electric power was 
lOOW. After the application of the ultrasonic waves, detachment of the reflecting layer was 
observed under an x40 microscope and the necessity of the base film was examined. 

[0078] No detachment was observed with PMMA, PET, PC, silicone, and acrylic 
resin. The reflecting layer of the present invention was much more adhesive to the resin 
substrates compared with conventional layers of Al, Al alloy, Ag, or Ag alloy. 

[0079] On the other hand, partially or extensive detachment was observed with non- 
alkali glass, low-alkali glass, borosiUcate glass, and quartz glass. The reflecting layer of the 
present invention had poor adhesion to the glass substrates although the degree of detachment is 
different in cases (data not shown). 

[0080] Secondarily, to improve adhesion of the reflecting layer to the glass substrate 
or to attain high reflecting performance without impairing the reflection index of the reflecting 




layer, the base film of Si, Ta, Ti, Mo, Cr, Al, ITO, ZnO, Si02, Ti02,Ta205, ZrOi, IniOs, SnOi, 
NbiOs, or MgO was applied to the substrates of PMMA, PET, PC, silicone, acrylic resin, non- 
alkali glass, low-alkali glass, borosilicate glass, and quartz glass by RF sputtering. Then the 
ternary reflecting layer of the present invention was deposited on the base film by RF sputtering 
to form a laminate. A strip of JIS cellophane tape was attached to the uppermost layer. The 
detachment of the reflecting layer fi'om the substrate when the tape was stripped of at given 
tension was observed as described above, hi addition, the laminate was diced with a cutter and 
dipped in pure water in a beaker. Ultrasonic waves were applied to the pure water. The 
fi-equency of the ultrasonic waves was 50KHz and the electric power was lOOW. After the 
application of the ultrasonic waves, detachment of the reflecting layer was observed under an x40 
microscope and the effect of the base film was examined. 

[0081] As shown in Table 6, when the base film was used, no detachment was 
observed whether the reflecting layer was pure Ag or an Ag alloy. The reflection index of the 
reflecting layer used in the tests was measured by a spectrophotometer. Table 7 showed that not 
only the adhesion but also the reflection index were improved when a specific base film (Ti02- 
Nb205) was used. 



Table 6 



Material 
of base film 


Detachment tests 


5 min 


10 min 


15 min 


20 min 


In203 


no detachment 


no detachment 


no detachment 


no detachment 


Sn02 


no detachment 


no detachment 


no detachment 


no detachment 


Nb205 


no detachment 


no detachment 


no detachment 


no detachment 


MgO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


ZnO 


no detachment 


no detachment 


no detachment 


no detachment 


Si02 


no detachment 


no detachment 


no detachment 


no detachment 


Ti02 


no detachment 


no detachment 


no detachment 


no detachment 


Ta205 


no detachment 


no detachment 


no detachment 


no detachment 


Zr02 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 
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Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 



Table 7 



Material 


wavelength 


wavelength 


wavelength 


wavelength 


wavelength 




400.00 


450.00 


500 00 


550 00 


565.00 




nm 


nm 


nm 


nm 


nm 




reflection 


reflection 


reflection 


reflection 


reflection 




index (%) 


index (%) 


index (%) 


index (%) 


index (%) 


pure Ag 


94.80 


96.60 


97.70 


97.90 


98.00 


AgPd 


92.30 


94.05 


95.12 


95.32 


95.42 


AgPdCu 


91.50 


92.40 


93.60 


94.10 


93.36 


AgPdTi 


88.90 


90.59 


91.62 


91.81 


91.90 


AePdCr 


88.40 


90.08 


91.11 


91.29 


91.38 


Agra la 


88.30 


89.98 


f\ 1 A A 

91.00 


A 1 1 A 

91.19 


91.28 


AePdMo 


88.00 


89.67 


90.69 


90,88 


90.97 






RO 77 




on OR 


Q1 1 7 


AgPdAl 


88.90 


90.49 


91.61 


91.70 


91.79 


AgPdNb 


88.80 


90.38 


91.51 


91.60 


91.79 


AgAu 


92.80 


94.56 


95.64 


95.83 


95.93 


AgAuCu 


92.46 


94.22 


95.29 


95.48 


95.58 


AgAuTi 


88.44 


90.12 


91.15 


91.33 


91.43 


AgAuCr 


88.56 


90.24 


91.27 


91.46 


91.55 


AfiAuTa 


88.30 


89.98 


91.00 


91.19 


91 28 




oo.UU 


BO AT 
07.0 / 


on AO 




y\j,y 1 


AgAuMo 


88.10 


89.77 


90.80 


90.98 


91.07 


AgAuPd 


89.00 


90.69 


91.72 


91.91 


92.00 


AsAuAl 


OO./U 


90.39 


91.41 


A 1 an. 

91.60 


A 1 ZT A 

91.69 


AgAuNb 


88.60 


90.28 


91.31 


91.50 


91.59 


AgRu 


89.00 


90.69 


91.72 


91.91 


92.00 


AgRuCu 


88.45 


90.13 


91.16 


91.34 


91.44 


AgRuTi 


88.34 


90.02 


91.04 


91.23 


91.32 


AgRuCr 


88.76 


90.45 


91.48 


91.66 


91.76 


AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 


AgRuNi 


87.80 


89.47 


90.49 


90.67 


90.76 


AgRuMo 


88.44 


90.12 


91.15 


91.33 


91.43 


AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


AgRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 


AgRuNb 


87.98 


89.65 


90.67 


90.86 


90.95 
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[0082] Particularly, the base films of Ti02, Ta205, Zr02, In203, Sn02, Nb205, and Mg 
had high refraction indices and low absorptivities, as represented by In203-Nb205 in Table 8. 
Changes in optical characteristics based on the refraction index were prevented in these films. 



Table 8 





In203- 
15 wt%Nb205 


InzOa- 
12.5 
wt%Nb205 


InzOj- 
10 wt%Nb205 


In203- 
7.5 
wt%Nb205 


InjOj- 
5 wt%Nb205 




refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


400 


2.34 


2.32 


2.34 


2.30 


2.34 


450 


2.26 


2.25 


2.26 


2.23 


2.26 


500 


2.22 


2.21 


2.21 


2.18 


2.20 


550 


2.19 


2.18 


2.18 


2.16 


2.17 


560 


2.19 


2.18 


2.17 


2.15 


2.17 



Example 5 

[0083] The effect of a coating layer on the heat resistance and reflection index of the 
reflecting layer was examined. On the conventional Ag reflecting layers (pure Ag or binary Ag 
alloy) or the ternary reflecting layers of the present invention, a coating layer that includes In203 
as a main component and at least one of Sn02, Nb205, Si02, MgO and Ta205 was deposited to 
form a laminate. The laminate was annealed at a temperature of ZSO^C, which is the temperature 
applied to the substrate during the manufacturing process of the liquid crystal display device. 

[0084] Without a coating layer, the optical absorptivity of the reflecting layer 
increased after annealing, which led to deterioration of the layer, as shown in Table 9. The 
experimental data of optical absorptivity when the coating layer was used for heat resistance 
were shown in Tables 10 to 12. 
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Table 9 



without a coating layer 



n yf rt 4^ o 1 

iviaicnai 


anneal 


as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

/o/ ^ 
(%) 


absorp- 
tivity 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 




5.2 


3.6 


2.8 


2,8 


1.9 


5 


3.2 


2.1 


2.6 


1.8 


AePd 


6.4 


5.5 


6.3 


5.5 


5.1 


6.0 


5.2 


6.1 


5.4 


5.0 


AgPdCu 


6.6 


5.7 


6.5 


5,8 


5.5 


6.5 


5.6 


6.2 


5.7 


5.1 


AgPdTi 


6.9 


5.9 


6.6 


5.7 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgPdCr 


6,8 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.5 


5.0 


AgPdTa 


6.6 


5.8 


6.6 


5.8 


5.3 


6.4 


5.5 


6.3 


5.6 


5.0 


AePdMo 


6.8 


6.9 


6.4 


5.5 


5.5 


6.6 


6.7 


6.3 


5.5 


5.2 


AgPdNi 


6.7 


5.7 


6.2 


5.5 


5.4 


6.4 


5.7 


5.9 


5.5 


5.1 


AgPdAl 


6.6 


6.6 


6.4 


5.5 


5.2 


6.5 


6.5 


6.2 


5.5 


5.1 


AgPdNb 


6.7 


5.8 


6.3 


5.7 


5.1 


6.5 


5.7 


6.3 


5.4 


4.9 


AeAu 


6.3 


5.3 


6.2 


5,3 


5.0 


6.0 


5.1 


6.0 


5.2 


5.0 


AgAuCu 


7.4 


6.7 


7.2 


6,2 


6.2 


7.1 


6.5 


7.0 


6.1 


6.0 


AgAuTi 


6.6 


5.8 


6.4 


5.7 


5.3 


6.4 


5.2 


6.3 


5.6 


5.2 


AgAuCr 


6.8 


5.9 


6.6 


5.8 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgAuTa 


6.9 


5.9 


6,5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.6 


5.2 


AfiAuNi 


6.8 


5.9 


6.3 


5.7 


5.4 


6.5 


5.8 


6.1 


5.6 


5.2 


AgAuMo 


6.7 


6.8 


6.4 


5,6 


5.4 


6.6 


6.7 


6.3 


5.5 


5.2 


AgAuPd 


7.5 


6.3 


7.5 


6.3 


6.2 


7.1 


6.1 


7.0 


6.2 


6.0 


AgAuAl 


6.7 


6.7 


6.5 


5.6 


5.4 


6.6 


6.5 


6.3 


5.5 


5.2 


AgAuNb 


6.8 


5.9 


6.4 


5.7 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRu 


6,3 


5.4 


6.2 


5.3 


5.2 


6.1 


5.1 


6.0 


5.3 


5.1 


ArRuCu 


6.8 


5.9 


6.4 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuTi 


6.7 


5.9 


6.5 


5,6 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRuCr 


6.7 


5.9 


6.6 


5,7 


5.3 


6.5 


5.7 


6.3 


5.5 


5.0 


AgRuTa 


6,5 


5.8 


6.7 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuNi 


7.3 


6.6 


7,5 


6.3 


6.3 


7.1 


6.4 


7.0 


6.1 


6.0 


AgRuMo 


7.3 


6,8 


7.3 


6.2 


6.2 


7.1 


6.3 


7.1 


6.1 


6.0 


AgRuPd 


6.7 


6.8 


6.4 


5.5 


5.3 


6.6 


6.6 


6.2 


5.4 


5.2 


AgRuAl 


6.8 


6,9 


6.4 


5.6 


5.3 


6.6 


6.7 


6.3 


5.5 


5.2 


AgRuNb 


6.8 


6.9 


6.3 


5.6 


5.4 


6.5 


6.6 


6.1 


5.5 


5.2 
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Table 10 



SiOz/Ag alloy 



Material 


Si02 anneal 


Si02 as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%)cj 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure Ag 


26.5 


1 1 /zc 

11.65 


4.92 


4.72 


5.02 


34.5 


t £ /Z A 

16.64 


cot 

5.81 


5.71 


5.05 


Agra 


26.8 


12.59 


5.68 


5.23 


6.96 


27.8 


1 A Cf\ 

14.59 


8.68 


6.23 


8.98 




27.09 


13.06 


8.94 


0.11 


6.28 


35.8 


18.64 


11.91 


8.74 


8.05 


Agrclll 


36.5 


17.54 


11.45 


8.58 


7.59 


36.8 


17.68 


11.85 


8.76 


8.00 


AgrdCr 


35.5 


18.45 


10.59 


8.58 


7.96 


35.9 


18.65 


10.69 


8,75 


8.04 


Agra la 


36.1 


18.44 


11.34 


8.50 


7.58 


36.2 


18.54 


11.54 


8,54 


8.02 


AgraMo 


36.4 


18.57 


11.15 


8.41 


7.21 


36.5 


18.67 


11.59 


8,45 


7.25 


AgrClNl 


35.78 


18.21 


11.07 


8.29 


131 


36.29 


18.55 


10.94 


8.25 


7.11 


A nUA A 1 

AgrdAl 


35.89 


18.15 


10.8 


8.33 


7.64 


36.58 


18.41 


11.39 


8.42 


7.76 


AgraJNb 


35.88 


18.13 


10.86 


8.29 


6.93 


36.99 


18.53 


11.08 


8.26 


7.1 


AgAu 


26.2 


12.31 


5.50 


5.10 


7.99 


27.7 


14.45 


8.52 


6.12 


8.85 


AgAuCu 


36.1 


17.53 


11.45 


8.58 


7.25 


36.5 


18.66 


11.25 


8.25 


7.36 


AgAuTi 


35.4 


18.40 


10.59 


8.58 


7.96 


36.3 


17.67 


11.80 


8,73 


8.00 


AgAuCr 


36.0 


18.32 


11.34 


8.50 


7.58 


36.2 


18.64 


10.25 


8.75 


8.04 


AgAuTa 


36.3 


18.44 


11.15 


8.41 


7.21 


36.5 


18.53 


11.55 


8,54 


8.00 


AgAuNi 


36.0 


18.31 


11.32 


8.50 


7.58 


36.4 


18.66 


11.20 


8.41 


7.25 


AgAuMo 


36.0 


18.35 


11.58 


8.50 


7.58 


36.8 


17.65 


11.84 


8.73 


8.00 


AgAUrCl 


36.3 


18.58 


11.14 


8.41 


7.21 


37.0 


18.61 


10.21 


8.74 


8.02 


AgAuAl 


36.1 


18.24 


11.05 


8.45 


7,85 


36.7 


18.51 


11.52 


8,56 


8.00 


AgAuNb 


36.1 


18.25 


11.11 


8.41 


7.14 


37.1 


18.62 


11.21 


8.41 


7.24 


AgKu 


26.5 


12.45 


5.55 


5.25 


7.96 


27.7 


14.59 


8.75 


6.35 


8.99 


AgRuCu 


36.0 


17.52 


11.45 


8.58 


7.25 


36.4 


17.66 


11.81 


8.73 


7.56 


AgKu 1 1 


35.3 


18.49 


10.59 


8.58 


7.96 


36.2 


18,64 


10.24 


8.75 


7.35 


AgRuCr 


35.8 


18.30 


11.34 


8.50 


7.58 


36.1 


18.52 


11.55 


8.54 


8.00 


AgRuTa 


36.2 


18.42 


11.15 


8.41 


7.21 


36.4 


18.65 


11.21 


8.42 


7.52 


AgRuNi 


36.1 


18.35 


11.33 


8.50 


7.58 


36.9 


17.64 


11.84 


8.71 


8.01 


AgRuMo 


36.1 


18.34 


11.58 


8.50 


7.58 


36.8 


18,60 


10.22 


8.72 


8.02 


AgRuPd 


36.2 


18.59 


11.28 


8.41 


7.21 


37.1 


18.50 


11.51 


8.51 


7.96 


AgRuAl 


36.3 


18.55 


11.18 


8.41 


7.21 


36.5 


18.61 


11.20 


8.42 


7.24 


AgRuNb 


36.5 


18.24 


11.11 


8.41 


7.21 


37.2 


18.41 


10.12 


8.85 


8.12 



Table 11 



In203-15Nb205/Ag alloy 



Material 


Hi-R anneal 


Hi-R as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%cj 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


niirp Ao 


13.27 


3.48 


2.57 


2.35 


2.25 


19.84 


7.03 


3.21 


4.28 


4.24 


Agra 


15.77 


5.34 


3.93 


3.90 


3.802 


22.15 


8.83 


4.57 


5.80 


5.78 


AgPdCu 


16.57 


6.24 


4.67 


4.68 


4.49 


22.89 


9.69 


5.30 


6.56 


6.43 


AgPdTi 


19.17 


9.16 


7.64 


7.65 


7.47 


25.29 


12.51 


8.25 


9.47 


9.35 


AgPdCr 


19.67 


9.72 


8.21 


8.22 


8.04 


25.75 


13.05 


8.82 


10.03 


9.91 


AgPdTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgPdMo 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgPdNi 


19.85 


10.07 


8.42 


8.47 


8.31 


26.01 


13.37 


9.01 


10.33 


10.22 


AgPdAl 


19.16 


9.3 


7.63 


7.75 


7.49 


25.36 


12.63 


8.36 


9.56 


9.34 


AgPdNb 


19.25 


9.38 


7.73 


7.87 


7.6 


25.46 


12.74 


8.46 


9.66 


9.54 


ArAu 


15.27 


4.78 


3.18 


3.19 


3.00 


21.69 


8.28 


3.82 


5.10 


4.98 


AgAuCu 


15.61 


5.16 


3.57 


3.58 


3.39 


22.00 


8.65 


4.21 


5.48 


5.36 


A cr A 1 iT*! 
/\g/A.U 1 1 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AcrAiiPr 


19.51 


9.54 


8.03 


8.04 


7.86 


25.61 


12.88 


8.64 


9.85 


9.73 


A cr A 1 1 T"?! 
r^^txu 1 a 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


A o A 1 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


A cr AiiN/fn 


19.97 


10.06 


8.56 


8.56 


8.38 


26.03 


13.37 


9.16 


10.37 


10.25 


ApAiiPH 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


A cr All Al 


19.37 


9.39 


7.87 


7.88 


7.70 


25.48 


12.72 


8.48 


9.70 


9.58 


A cr AiiNT^ 


19.47 


9.50 


7.98 


7.99 


7.81 


25.57 


12.83 


8.59 


9.81 


9.69 


/VgrvU 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 




19.62 


9.67 


8.16 


8.16 


7.98 


25.71 


12.99 


8.76 


9.98 


9.86 


AgRuTi 


19.73 


9.79 


8.28 


8.29 


8.11 


25.81 


13.11 


8.89 


10.10 


9.98 


AgRuCr 


19.31 


9.32 


7.80 


7.81 


7.63 


25.42 


12.66 


8.41 


9.63 


9.51 


AgRuTa 


19.84 


9.92 


8.41 


8.42 


8.23 


25.91 


13.23 


9.01 


10.22 


10.10 


AgRuNi 


20.27 


10.40 


8.90 


8.91 


8.73 


26.31 


13.70 


9.50 


10.70 


10.58 


AgRuMo 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgRuPd 


20.40 


10.55 


9.05 


9.06 


8.88 


26.43 


13.84 


9.65 


10.85 


10.73 


AgRuAl 


19.10 


9.08 


7.56 


7.57 


7.39 


25.23 


12.43 


8.17 


9.39 


9.27 


AgRuNb 


20.09 


10.20 


8.69 


8.70 


8.52 


26.14 


13.50 


9.30 


10.50 


10.38 
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Table 12 

ITO/Ag alloy 



Material 


ITO anneal 


ITO as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 

500 nm 


wave- 
length 

550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 


absorp- 
tivity 

(%) 


absorp- 
tivity 


absorp- 
tivity 
(%) 


absorp- 
tivity 


absorp- 
tivity 

/0/\ 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

V'o) 


pure Ag 


1 J. 






A fxA 


1 87 




A 97 


1 77 








18.06 


7.69 


6.49 


7.47 


4.73 


21.55 


7.23 


4.81 


4.57 


7.95 


AgPdCu 


18.86 


8.59 


7.40 


8.37 


5.66 


22.35 


8.18 


5.78 


5.54 


8.89 


AgPdTi 


21.46 


11.52 


10.37 


11.31 


8.68 


24.95 


11.26 


8.94 


8.71 


11.94 


AgPdCr 


21.96 


12.09 


10.94 


11.87 


9.27 


25.45 


11.85 


9.54 


9.31 


12.53 


AgPdTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgPdMo 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgPdNi 


22.14 


12.42 


11.15 


12.11 


9.54 


25.74 


12.21 


9.77 


9.65 


12.86 


AgPdAl 


21.45 


11.66 


10.37 


11.4 


8.64 


25.04 


11.4 


9.07 


8.83 


11.96 


AgPdNb 


21.54 


11.75 


10.46 


11.53 


8.82 


25.14 


11.52 


9.19 


8.92 


12.14 


AgAu 


17.56 


7.13 


5.92 


6.90 


4.15 


21.05 


6.64 


4.20 


3.96 


7.36 


AgAuCu 


17.90 


7.51 


6.30 


7.29 


4.54 


21.39 


7.04 


4.61 


4;37 


1.16 


AgAuTi 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgAuCr 


21.80 


11.91 


10.76 


11.69 


9.08 


25.29 


11.66 


9.35 


9.12 


12.34 


AgAuTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgAuNi 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgAuMo 


22.26 


12.43 


11.28 


12.21 


9.62 


25.75 


12.20 


9.91 


9.68 


12.88 


AgAuPd 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgAuAl 


21.66 


11.75 


10.60 


11.53 


8.92 


25.15 


11.49 


9.18 


8.95 


12.18 


AgAuNb 


21.76 


11.86 


10.71 


11.65 


9.03 


25.25 


11.61 


9.30 


9.07 


12.30 


AgRu 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgRuCu 


21.91 


12.03 


10.88 


11.82 


9.21 


25.40 


11.79 


9.48 


9.25 


12.47 


AgRuTi 


22.02 


12.15 


11.01 


11.94 


9.34 


25.51 


11.92 


9.62 


9.39 


12.60 


AgRuCr 


21.60 


11.68 


10.53 


11.47 


8.85 


25.09 


11.42 


9.11 


8.88 


12.11 


AgRuTa 


22.13 


12.28 


11.13 


12.06 


9.46 


25.62 


12.05 


9.75 


9.52 


12.73 


AgRuNi 


22.56 


12.76 


11.62 


12.55 


9.96 


26.05 


12.56 


10.27 


10.04 


13.23 


AgRuMo 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgRuPd 


22.69 


12.91 


11.77 


12.70 


10.12 


26.18 


12.71 


10.43 


10.20 


13.39 


AgRuAl 


21.39 


11.44 


10.29 


11.23 


8.60 


24.88 


11.17 


8.85 


8.62 


11.86 


AgRuNb 


22.38 


12.56 


11.42 


12.35 


9.75 


25.87 


12.34 


10.05 


9.82 


13.02 
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[0085] Table 1 1 showed that optical absorptivity of the reflecting layer was reduced 
much more after amiealing in the reflecting layer with the coating layer of the present invention 
than the reflecting layer without the coating layer. The In203-1 5 wt% Nb205 coating layer of the 
present invention in Table 11 had lower absorptivity than the Si02 coating layer in Table 10 and 
the ITO coating layer in Table 12. 

[0086] Table 13 showed that the optical characteristics of a three-layer laminate that 
includes a base film, a reflecting layer, and a coating layer after annealing at about 250°C were 
similar to those in Tables 9 to 12. The adhesion of the laminate was also as good as the adhesion 
of the laminate in Table 6. The three-layer laminate was superior in both optical characteristics 
and adhesion. 

[0087] The optical characteristics of the three-layer laminate was not impaired by the 
use of the coating layer. On the contrary, when the coating layer including In203 as a main 
component and 1-30 wt% Nb205 was used, the reflection index was increased by l%-6% and the 
absorptivity was lowered after annealing at about 250°C IniOs. Table 14 showed that an 
improved reflection index and good optical characteristics can be obtained even when the thinner 
coating layers are used. 
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Table 13 

absorptivity 





In203-5 wt% Nb205 




(1) no heating 


(2) 150° C 


(3) 300° C 


566 


10.88 


10.24 


15.3 


564 


10.67 


10.04 


15.06 


550 


9.38 


8.829 


13.6 


c f\r\ 

500 


7.104 


7.071 


8.297 


450 


13.42 


14.38 


7.922 


A f\(\ 

400 


26.96 


27.49 


19.93 




InzOj-lO wt% NbsOs 




(1) no heating 


(2) 150° C 


(3) 300° C 


566 


11.13 


12.39 


13.11 


564 


10.91 


12.16 


12.88 


550 


9.639 


10.71 


11.42 


c e\f\ 

500 


7.113 


7.166 


7.236 


450 


12.72 


11.8 


9.97 


A r\r\ 

400 


27.29 


26.6 


24.28 




In203-15 wt%Nb205 




(1) no heating 


(2) 150° C 


(3) 300° C 


566 


15.97 


18.42 


20.29 


564 


15.74 


18.17 


20.04 


550 


14.32 


16.69 


18.63 


500 


9.059 


10.57 


12.36 


450 


7.363 


7.168 


7.21 


400 


17.19 


16.56 


13.33 
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Table 14 

Change in the reflection index of the reflecting layer with the change 



in thickness of the In203+Nb205 coating layer 



Tl^ckness 


5 nm 


49 nm 


70 nm 


74 nm 




before 


after 


before 


after 


before 


after 


after 


A Lnmj 


heating 


heating 


heating 


heating 


heating 


heating 


hpatiticr 


556 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


552 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 


95.13 


450 


85.71 


79.83 


82.88 


85.02 


80.93 


87.77 


93.56 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


^tinckness 


85 nm 


90 nm 


100 nm 






before 


after 


before 


after 


before 


after 




X[nni] 


heating 


heating 


heating 


heating 


heating 


heating 




556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 




554 


86.78 


93.36 


81.47 


91.29 


83.3 


91.97 




552 


86.81 


93.37 


81.5 


91.39 


83.31 


92.04 




550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 




500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 




450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 




400 


74.11 


81.17 


68 


82.7 


39.88 


70.18 





[0088] The present examples and embodiments are to be considered as illustrative 
and not restrictive and the invention is not to be limited to the details given herein, but may be 
modified within the scope and equivalence of the appended claims. 
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ABSTRACT OF THE DISCLOSURE 
A heat-resistant reflecting layer includes Ag as a main component, a 0.1-3.0 wt% first 
metal selected fi-om the group consisting of Au, Pd, and Ru, a 0.1-3.0 wt% second metal selected 
fi-om the group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and Ru. The second metal is 
different fi*om the first metal. The reflecting layer maintains the high optical reflection index of 
Ag. The reflective layer has improved material stability and is stable when exposed to alkaline 
organic materials. The reflecting layer can be used as a reflector and a reflective wiring electrode 
for a liquid crystal display device, and as building glass for reflecting heat rays or infi*ared rays. 
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